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PREFACE 


The ])ii s('i'vaH()n of roiii(\stilik‘s collected diiriii}' times of plenty, 
for uses wlieu tlie sources of sup]ily fail, lias been practised by 
man from the remotest aoes and in the. most uncivilised regiitiis. 
Amongst ]u'imitive luees, in order to avoid famine the preserva¬ 
tion of fooil foi' use durhig certain times of the )’ear was absolutely 
essential,'and in eivilist d countries it is a factor mainly responsible 
for the maintenance of the halance between the demand and the 
siipjiiy. 

^ Probably tiu: most ancient* niethoil ein|iloyed for the. jiresorva- 
tion of food Stulls is desiceation or drying, and it is an excellent one, 
meat, for instanc.i', .so ticated loses none of its nutritive (jualities as 
it .undergoes no eheiuical change. The remaining methods used 
^ are heating and sealing in air-tight packages, tre.atment by means 
of chmnicals, and refrigeration. 

Tiie conservation of meat and other food stiiH's by the latter 
method, whieli is now so ' xtensively n.sed, is that with which the 
author is here solely concerned. By means of refrigeration or 
thermal control meat can now be transported round the world 
whilst retaining its original fi’e.slinesa. And fish, milk, butter, 
eggs, and fiuits of almost e\’ory variety can also be preserved and 
transported i!i good condition. In fact, as stated in the Preface 
to the first edition of this book, refrigeration is a subject of great 
and daily increasing interest, and the field of usefulness nf the art 
is continually widening. When the author produced, in 1895, fiis 
_ smaller work entitled “ Kefrigcj-ating and Ice-Making Machineiy," 
the literature dealing specifically with the subject was of a very 
■ limited, and chiefly of a scattered description, hut at the present 
, time there are a number of hooks published, and tlie periodical 
literature has also Bee* largely augmented. 
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PREFACE. 


The sniocess attained liy “Refrigerating and loe-Making 
Machinery” encouraged the production of the' preseitt larger 
volume, with tlie second edition of wliich wa.s iuoorppratad the 
third edition of tlie aliove-mcntionod smaller hook. ’• ■ ■ 

In this, the third edition of the lai-ger voluuui, an additional 
chapter dealing with dairy refrigeration ln.s been added, tlie 
tntroduetory chapter has lieim jiaijly re-written and hrouglit iij) 
to date, as have also heen those chapters dealing with e.\amples 
of modern ri'frigeratiiig maeliinery, marine refrigeration, manu¬ 
facturing industrial and comstructional ajiplicatioms, ice-making, 
and the management and testing of refrigerating machinery. A 
large numlwrof the illustrations contained in the ]irevious editions 
have lieen re]ilaeed liy Idoeks of more modern ma,chines, and 
forty-si.\ entirely new engravings have heen added. The author 
take.s this opjiortmiity, moreover, of acknowledging the.valuahle 
as.sistaucc rendered hy j\Ir (1. .1. Wells, W.Sc., A.M.I (J.E., in 
revising the ehajiter devoted to the theory of refiigeratiou. 

Those reipiiring in a \'ery congise form the jirimary details 
regarding ice-making and refrigerating machinery, eold stnrage, 
insnlatioii, &c., will find their wants siiiijilied hy the fifth edition 
of “The I’oeket Book of Refrigei-afion and lee-Making,” hy the 
same author, and as this little volume eomjirises hi addition to the 
aboi'c a veiy eoiisiderahle numhei of imjiortaiit tables and other 
useful memoranda, coineniently arranged for immediate reference, 
it forms-also a \ aluahle companion to the larger book. 

A. ,1. AVALlJS-TAYLEli, 


.Sutton, ^hrttuhtr lUJl. 



CONTENTS 


CHAPTER I. 

INTHOin'CTlON. 

OngMi ^rf ifi' i.il Rflngoi atioii - History au<l ol tlio 'rraili* ni 

Eiofli Provisions ..... 


CHAPTER 11 

THE THEOUY AN!> EnAd'VUU-: OF .l//;C//.( A7CH/> 
UKFinaERATION 

Hflciiion to E'lrst'J\vo I iws oi 'rinn'ino-dynaniics Ht'Hnition of lloiil 
—.Spo^-itl<! 7To.it—1 .,.^'m‘ Heat Meili.uucal J'^jiiivalent- ot Hi-at— 
Caleulations made Hit' U’spect to Heat. 'ri'iiipeiMt-iin- J^aws oi 
tiases (loiisti net ion of Cliart Applic.dde to any A’aliu; of ?i - Work 
Demanded ol a Refi igeiating MaelHno---(iieateHl Th<!oretical 

EirK.-iency ol a R(‘fr igerutmg M.i^-liiiie . . . . 

CHAPTER UI. 

THE fA(,>rEFACTlON FROCEAS 

Um; of, 1>V the .\neients -N'anous Maeliines Ojanatiug on the- -Cene- 
• lai Jaiws (Joveiinng Piodiietioii <*f (^)ld l)y — Pnnciiial E'reezing 
Mixtures - . . . - . 


CHAPTER TV. 

THE VACUUM CROC ESA. 

Piiiioiplos ol —E'list MacliJiie working on--More Re(X“nt 'J'yjies oi 
Mauluti'e- Witrkn.;.; on ------- 


CHAPTER V. 

rUE COMFREASiON FROCEAA OR SYSTEM. 
Early 'ry ot -Prineiples of—(’yelc of Ojairations Obligatory in - 
improvements in Etimr Maelnnes Sulj>liur<ms Acid MachineK— 
. Carbonic Acid MacliineH 


CH^Pl’ER VI. 

THE COMFREASION FROOEAS {coMiwuM.). 
Ammonia Maelnnes--Properties of Ammonia-Cycle of Operations— 
Wet and Dry Compression Priueiple—Construction of (las Com¬ 
pressors—VariouitExamples of Modern MachincH 


I’AOK 

1-7 


H.‘JO 


21-24 


25-33 


34-47 


48-116 



CONTENTS. 


viii 


CHAPTER VII. 

THE OOMEilEtiSlON EHOCESS {coniinmd). 

PAUKS 

Properties of £tlier--iM(KUirn Ether Macihincs—Properties of Methyl- 
Chloride—Mothyl-Clilondc Macliines—Properties of Sulphurohs- 
Acid—Sulphurous Acid Machines—Properties of Cailxjnjc Acid - 
• Carbonic Acid Macliine.s • - • ... n7-lol 


CHAPTER A'lll. 

CONDENSEE.^ AND WATEE COO]AN<i AND SAVING 
APPAEATUS. 

Submerged Condon.sers—Amount of (-ooling Water lequireil—Atmo¬ 
spheric or Open-air Evaiiorativo Surface (Condensers -Amount of 
Condenser Surface re«|uired Amount of Co<jling Watci leijuirod 
•—Supploinentary (Jondensers or I'on!e()oler.s—Douhle-pipe Con- 
denserb-^Hc-ndrick’s Condenser—Water-cooling an<l Saving App.i 
ratus—Water-('(mling Towers ..... ir)2-17H 

(,TfAJ>TER IX. 

THE MSSOEPTION AND BINAEY AESOEPTION 
PEOCESS OH SYSTEM. 

♦ 

The Principle of the Absorption Process Early Machines—Later 
Patterns of Machines—-The Binai'y Absorption Proee.ss, or Machines 
Using a Compound or Dual Liijuid . • . • 174-210 


CHAP'J’ER X. 

THE COIHYAIE SYSTEM. 

Principles of—Early Macliines -Modern Patterns of Machines -1'lic 
Allen Dense-Air Ice Macliino - Maximum Theoretical Eflieicncy of 
Cold-Air Machines—Coinjiarative Tests of Cold-Air Macliines 2II-245 

CHAPI’ER XL 

COCKS, VALVES, AND PIPE JOINTS AND UNIONS. 

Expansion or Regulating Cocks and Valves—Stop-Cocks and Valyos— 

Suction and Discharge Valves—Pipe Joints and Unions—Metuis for 
Increasing the Cooling Surface of Pipes .... 240-269 

CHAPTER XII. 

HEFEIGEEATION AND {JOLD STOEAGE. 

Refrigeration by means of the Cold-Air Machine—Refrigeration by 
means of Compression or Absorption Machines—The Brine (Circula¬ 
tion System—The Direct Expansion System—The Cold-Aii- Blast 
System—Piping for tkild Stores - - - ^ • - 270-284 



CONTENTS. 


IX 


UKAPTKR XIII. 

■■ .■'kBFItlOEHATION AyO COLD STOBAl/E (con/iimad). 

I'he ConsU'i(<ii(jn uiitl Amiiigomcrit of (IStiin« and of Cold .Storage 
Roonls or ChaniborK —V^entilation Air Cireulntiou—IiiHulation— 
Railway Vans - . . ' . 


AIV. 


lUn>'i{!<;KRATlON AKD (JOLD STOHAaK {continued), 
foi%tiJigrfUid (’imveving Maohiiiciy - - • 


CILVPTKR \V. 

l{EFinaKnATI<fN AXD cold STORAt.t: {continued). 

.^roper Metiiods of Stoimg, and IVmpcraturoH for the (^ild Storag(4,of 
Various Arlu-los--S jmm iH* Heat and C-onijiositioii of VictualB— 
Meat and b'lKh—Mutter--Chei^se — Milk - Kggs Fruits—\'egu- 
tablcf^—Morgiie.s lu- Mortn.uies'-Talde of Temperatures foi- Cold 
Storage of \ iirioiis ArtJelos . . . . . 


CHAPTKR XVL 
.\rAlilNE IllCFRlCFAiATlOX. 

C'arlionie Acid Machines—Ammonia Maclunes -Cold-Air Machines— 
Arraiigcmeiit of Cargo Holds and Stores- Ice-niaking on Board 
Ship—Marges - • . . . . . 


CHAPTKR XVll. 

RKFRICERATIOX IN }>A1RIFX 

Methods Csmir Mechanical Refrigeration in Dairies—Kxamples of 
Mechanical Refrigerating installations in J>airie« -Milk or Cream 
Coolers—Ice-cooledCreariiery Refrigerators—Air Circulation System 
—Cylinder Sy-sU-rn Insulation of Dairy or Creamery Refrigerators 
—Sizes of lee (.liainbers—Cenoral Particulars --Materials—Ice 
Refrigerating Machine ...... 


• CHAPTER XVm. 

MANUFACTURING, INIJUSTRIAL AND CONRTRUC- 
TIONAL APPLICATIONS. 

Ol^dcolato Manufacture—Breweries—Paraffin Works—Artificial Butter 
^.•Manufactories—1’ea Factories-^Sugar Factories and Refineries— 
Blast Furnaces—Wine Making—Various other Manufacturing and 
. Industrial Applications—Dynamite Factories—Manufactories of 
Photographic Accessories—Jhstilieries—Chemical Works—India- 
rubber Works—Glue Works—Constructional Applications : Tun¬ 
nelling, Sinking ^lafts, I.iaying Foundations, &c. • 


1>AGRS 

285-371 


372-380 


381-395 


396-421 


422-438 


439-483 



X 


’ CONTENTS. 


‘ CHAFl’KR XIX. 

WE-MAKlNd. 

PAQBfl 

Various MeUwds of J(■(‘-Making—'J’he Can ISysteiii—The Wall or Plate 
System—The Statioimiy Cell System—^Miscellaneous Anangements 
for Making Clear or Crystal l(!e hy AgJt<ition-- HoUlen System of 
lee-Making- Water l>e-aeiuting or Distilling Apparatus—Vacuum 
System of Ice-Making—Imitation f>t Natural SysUmi—Ice Facitories 
—J(a* Klevating and f'onveying Macliiil^y lee-Making, Denoral 
-linne—Stoiing Ice—leo-Crnslnng or lln-aking Machnieiv ■ 4S4-r»3S 

CHAITFR XX. 

77/A’ )fANA<!KMENT AND TESTINd OF REFllF 
dERATlNd MACUiNEJlY, ETC. 

• , 

Management *-Anunoiiia (lonipvession Machines -Oil Separat'ors or 
Collectors—Accumulations ot l»e])usiL in the (Jondi'iisei -Breaking 
.hunts Luhricating (hiahtics ol AmiiUJin.i- C-onijiicssur Ihston 
r(Kl pa('knigs -To ('iuiige and Woik a Carl>onic j\cid i^latdinu' 

Fr(‘e/ing or (linking up <>f (,'omjiiesRion Systcuii -Luhnt.Uion ot 
Retrigeraling Macliinerv —Leaks in Ammonia Appurul us —Lr-aks in 
('arlMinic Acid Machines-Kfieel of a Coating ot Jce on Diieet I'X- 
})ansion. I’ijic's — Dctiostmg Befrigor<itin|t (-oils— 1 nci ustation on 
('ondcnser (Joils—Cold-Air Machines—T(;sting Intinpietation ol 
Compressor Diagrams Absoiption Machines—Amount ot Water 
rcijuirod in Kefngeraiing Ap}iaiatus Determination of Moistuie 
in Air—F.syehromi'teis IJygiometers--l*3ectncal Tcnifierature 
Tell tales and Long-distance Tiierinometcis The 'riici mograph 
- The Tcletherniometer or Kloetrical 'rheniKaneter Ligtiting ('ohl 
Stores. - ■ 53*1-578 

CUAl’TKR XXI. 

COST OF WOliKlNd. 

Mam items of-Expeiise -Ahsorption Machines -Comjiression Machines 

—Vacuum Machines Cold-Air Maehines-Cost ot Icc-M.iking • 579-587 

CHAPTER XXll. 

THE PllODUCnON OF YEliY JA)W TEMPEFATimE^^. 

Early Investigators and ExjierimenU'rs—The (/aseodc 'System—The 
Jlegenerative Melliotl—Properties of Lii^uid Air—Physical Con¬ 
stants of Liquefied Gasos 588-601 

APPENDlk. 

BIBLIOGRAPHY OP REFHIGERATION. 

m-m 


Books—Perkxlicals - 

IN1>EX ■ 


605-B32 




LIST OF ILLUSTRATIONS 


KIO I’Aai 

1. Diagram showing Metlmd of (^mstnioling Cuim' DV” =C - - 13 

2. Diagram showing Method of Ooiialructnig C'urvo P\'"—C •- - ^ 14 

3. Diagram showing Method oH'onstriu tiiig ('imiT - ■* , - If) 

4 Canv’s Sulphune Acid V'»eumn Froo/.n\g Machine • - - 26 

f). Langes Exhaust l‘iinip for Vaiuuin Ere<‘/,iiig Maihine - - 29 

(>. ITaivison's Rotating ExheuNt l’um]> or C\lindei - 30 

7. Perkins'Early'I’ype ol Compression Machine - - -35 

H. Diagram Illustrating the Opeiatujii of a Refrigerating Maelune on 

the t impression Princi])l<: - . - - • - 37 

9 Harrison's Et I 01 Coni]M'essiou*Ma(:hine . - - 3S 

• 10. Tcdlicr's Apparatus lor the Distillation -I Metliylie Ether - 41 

11. Telliei's Metliylie Ether ConipiesHion Maeiiine - - • 41 

12. Expansion Valve 01 Distrihutor of Tellier's Meth_\ Ihc Ether Machine 42 

13. Original 'I'ype of VVindhausen Conipres.sor w; h Liiiuid Piston for 

* Treating the Cas in'JV-o Stagi's . - - • - 46 

• 14. Suction Valve of Windhauscu Compressor lor Timting (las in Two 

Stages 47 

. 15. Outlet or Diseliarge Vahe of Windhausen CoinpresHor for Treating 

Gas ill Two Stage.s 47 


16. Diagram Illustrating Loss Due to Clearaiieo Space in Compre.ssor 

Cylindc^r 

17. Douhle-acting Veitieal 'I’ype De La Vcrgiie Ammonia CompresBor. 

Vertical Section through Compression Cylinder - 
IS. Douhle-aeting Vertical Type De La Vergne Ammonia Compressor. 


Side Elevation of Complete Machine . - - • 5fl 

19. Diagrammatmal V’^iew allowing Complete Installation of a Uefriger- 

, ating Plant on the De La Vergno Ammonia Comprossion System 6C 

20. Diagram taken from Single-acting De l^a Vergno Ammonia Com¬ 

pressor without iSealing, Lubricating, and Cooling l^luid - *6^ 

‘2*1. Diagram taken from Single-acting Do La Vorgne Ammonia Com- 

♦ ** pressor with Sealing, Lubsicating, and CixjUng Fluid - • 6c 

22. Diagram taken from Douhle-aeting De La Vergne Ammonia Com¬ 

pressor wdth Sealing, Lubricating, and Cooling Fluid - - 6( 

23. Horizontal Type of Belt-driven Sterne Ammonia CompreBSor - t« 


?4. Small Single-acting Vertical Type Frick Ammonia Compressor. 
Vertical Ccfitral Section tlirough Cylinder 

xi 




xii , LIST OF ILLUSTRATIONS. 


no. . * ‘ PAGE 

26. Large Single-acting Vertical Type Krick Ammonia Compressor. 

Vertical Central Section through Cylinder - * - 6K 

26. Large Single-acting Vertical Type Frick Ammonia Compressor. ' 

Sectional Elevation of Complete Machmo- - • ; • 69 

27-32. Diagrams taken from Frick ('ompressor - - • 70 

33. Knock’s Patent Safety Compressor. Vertical Sec tion - • 72 

34. Knock Safety Crossheads and Springs - - - - * - 73 

36. Knock Patent Compressor. Inclosed Type, with Coupled Vertical 

* Steam Engine "4 

.36. 20-ton Open Type of Anmionia (kimprcssor, Fitted with ICnock's 

Patent Safety (k-osshead • • • ■ - r * 75 

37. Knock Inclosed Type 65-t(ni Compressor - - • - 77 

38. Knock Self-oiling Midget I'ype (compressor - ■ - 78 

39. Linde Horizontal 'I’ype of Compound Ammoma Compressor. I’laii 

View . - . ..... 79 

40. Anierican'pHtteiTi Limle Horizontal 3’ype of Ammonia Compressor. 

Part Sectional View - 81 

41. Horizontal Typo of Belt-driven Hiiniholdt Amin<*nia Compressor - 82 

42. Two-Cyliridcr Single-acting Fixai’y ('ompressor 84 

43. Double-acting Ammonia Compressor, Ihilsonu'ter Ihigiiieonng ('o., Ll<l. 86 

44. Small Single-acting Kilhourn Inclosed Type Ammonia Compressor 

and Condenser ....... gg 

4.3. Douhlo-acting Horizontal Type Triun^^h Ammonia (Joiiipressor. 

Sectional View 

46. ]3oul)le-acting Horizontal I'ype Triumph .Viiimoiiia Compressoi 

and Tandem C'ompound Condensing Engine. I’lan View • 90 

47. Double-acting Puplett Ammonia Conipro-ssion Machine - 92 

48. Horizontal Type Compound Haslam Ammonia Compressor. N'ertical 

Central Section - - • - • - 93 * 

49. Hoiizontal Type of Haslam Douhle-acting Ammonia Compressor 

with Compound Drop-Valve Pmgine - • • 95 , 

50. Horizontal I'ype of Haslam Double-acting Ammonia (yompressors 

with Compound Steam-Engine ----- 96 

51. Horizontal Compound Type of Haslam Ammonia Compressor with 

Compound “Drop-V^dvo” Steam-engine - - - • 98 

52. Single-acting Vertical Type Ammonia Compressor, 3'ork Manu¬ 

facturing Co. Sectional Elevation of Complete Machine - 100 

53* Horizontal Type of Belt-driven Tuxen and Hammench Aimiionia 

Compressor - • - - ■ - - - 101 

64. Vertical Type of Steam-driven Buffalo Ammonia Compressor. 

Vertical Central Section through Cylinder ■ - ~ 103 

55. 'Vertical Type of Steam-driven Hercules Ammonia Compiessor. 

Vertical Central Section through C> linder ■ - 107 

56. Double-acting Horizontal Typo Barber Steam-driven Ammonia Com- *♦ 

pressor ]09 

57. Double-acting Horizcjntal Typo Barber Elcctrically-driveii Ammonia 

Compressor - - • - - ■ - -110 

58. Small Single-acting Horizontal Type Barber Steam-driven Ammonia 

, Compressor - - • - - - 111 



LIST OF ILLUSTRATIONS. , xiii 

««• PAOI 

59. Donhle-acting Horizontal Typo Vulcan Ammonia Compfessor. 

Goal •*al Section through Cylimler • .... 112 

60. Snfall Single-acting Vertical Inclosed Type Vulcan Ammonia Com¬ 

pressor. Klevation partly in Vortical Section • • • 113 

61. Small Single-acting Vort ical Inclosed Tvp<‘Vulcan Ammonia Com¬ 

pressor Transverse Section - ... . . 114 

62. Belt-driven Horizontal Type West Kther Conjpression Machine - 118 

63. Single-acting Inclosed Type Douane Methyl Cldorido Compressor. 

Vertical Central Section 121 

64. Belt-dri\'en Douhlo-act.mg Vertical 1'ypo (Juiri Sulphurous Acid 

• Compression Machine ...... 122 

65. Belt-driven Doulilo-acting Horizontal Type (^uin Sulphurous Acid 

Comjjressor - • ..... 123 

66. Belt-driven Horizontal Inclosed Type Douglas Conroy Sulphurous 

Acid f!otri])ress)on Machine. Klevation partly in Vertical 
Section - • - - • - - . ■ 125 

67. Belt-driven Horizontal IhcIohhI nVpe Douglas-CIonroy SulpliArous 

Acid (^unpiessioii Machine. Plan of Compressor • - 126 

CS. B(?lt-dnven IIoriz<»iilal xnelosiid 'I’yp*' Douglas-t'onroy Sulphurous 

Acid (VmiprcHsnm Machine. Section on line A-ii, Kig. t)7 - 127 

09. Belt-driven Horizoiitid Inclosed Typo Douglas-Conroy Sulphurous 

Acid (Mnipreasion Machine. Section on line (’-n, Fig. (17 • 128 

7tt Vertical 'I'yp'^ "f Belt-d*-iveii Humboldt Sulplniroiis Acid Com- 
pression Mncliinc - - • - . . ‘ 

/I. Belt-driven Veitical Typ<“ Hall Carbonii; Acid (Jomprossion 

Machine - ------ 131 

72. Belt-driven Vertical Type Hall (-arlxmic A id Compression 

• Machine. Sectional View - - - ’ - - 132 

• 73. Belt-driven Vertical Type Hall (Jarbonio .4<-id Coniprossion 

Machine. Cross Section through Cylinder - - - 133 

74. Boll.-drfven Vertical 'I’yP*^ Carbonic Acid Compression 

Muelitnc Veitical Central Seclion through Cylinder - • • 133 

75. Belt-driven Vertical 1’ype Hall (Jarbonic Aiiid Compression 

Machine. Vertical Seclion through Spiral Packing Bing - 134 

76. Belt-driven Verlicai Type Hall Carbonic Acid Compression 

Machine. Vertical Central Section through Suction I^assagc - 135 

77. Belt-driven Vertical Type Hall Carbonic Acid (Mmprossion 

Machine. Vertical Central Section through Safety Valve - 135 

78. Horizontal'I’ype of Steam-driven Hall Carbonic Acid Compressor • 136 

79. Uprizoiital Typo of Duplex Steam-driven Hall C/arbonic Acid 

Compre{i.sor 137 

80. Vertical Tyi^o of Belt-driven Hall (Orbonic Acid Compressor. 

V Most Recent Pattern - - ■ • • - 139 

81. #Horizontal I'ype of Belt-driven Hall Carbonic Acid Compressor. 

Moat ReO/ent Pattern ...... 140 

82* Vertical Type Steam driven West Carbonic Acid Compression 

Machine 141 

83. Vertical Type West Carbonic Acid Compression Machine. Vertical 

• Central Section through Compressor Cylinder • • -■ 142 




xiv LIST OF ILLUSTRATIONS. 

< 

MO. ^ PiOB 

84. Vertical Type West Carbonic Acid CompresHion Machine. Vertical 

Central Section through V^alve. Enlarged Scale - • ^ - 143 

85. Vortical 'I'ypc Eelt-dnven Kroesciicll Oarhoiiic Acid Conipre-ssion- 

Machine ........ 145 

80. Horizontal Type Belt-driven Kroesehell Carbonic Acid Compressor - 147 

87. Vertical Type of Belt-driven Humboldt Carbonic Acid Compressor - 148 

88. Largo Duplex HorizonCil Typo of Haslam Carbonu- Acid Compressor 150 

89. Chew’s Patent CondcMiscr. Submerged Type. Vortical Centm] 

f Section 153 

90. Sohou’s l^atent Condenser - - . - . 155 

91. Diagram showing Simple Method (»f Ihstnbuting Water in Atmo- 

splioric Condensoi' I58 

92. Diagram showing OhjoclioiiM to Common Plan of Distributing Water 

in Atmosplienc Condensers ..... 159 

9*1. Diagram sliowing Method of Avoiding Spatkuing in Distributing 

* Watijr in Atmosplierio Condensei ..... 159 

94. Arrangement for Removing Liquefied Agent from Atmosjiherie 

Cemdenser - - - - . . . - 1(50 

95. Haslam’a Open-air Evaporative Surface Condenser - - . |(>1 

9b. Haslam Interlaced Type of Ammonia Oomlenser - - - 152 

97. 'rriumpli Atmospheric or Open-air Evaporative Surfa(;e (.'ondciiser • Ib.'l 

98. Rail's Atmosphene or Open-air Evaporative Surface Condenser - Ibll 

99. 1(MK Westerlin-CJanipbell Douhle-pipe Condenser. Side and Eml 

Elevations 155 

101. Haslam Double-yiipe Ammonia Condenser - - 167 

102. Haslam Open Tyi»e of Water Cooler - - . . . 159 

103. Puplett's Water Saving and Cooling Apparatus 170 

104. Triumph Water-Cooling Tower. Elevation .... 171 

105. Haslam Water-Cooling'Power 172 

106. Carre’s Continuous-Acting Ammonia Absorption Maeliine - - 176 

107. ]*ontifex-W()od Improved Continuous-Acting Ammonia Absorp¬ 

tion Machine ....... jgg 

108. 109. Pontifex-Wood lm])roved Ammonia J*um|). Elevation and 

Vortical Central Section - . - . . -189 

110, III. Hill’s Ammonia Absorption Maeliine with Supplementary or 

Auxiliary Absoi lier. Diagrams showing Front and End Views - 195 

112. Hill’s Ammonia Alisorption Maeliine with Supplementary or 

Auxiliary Absorber. Diagrammatical ^'^ew of Complete 
Machine - • - - - . . * . jgg 

113. Tyler & Ellis’ (CracknoU’s Patent) Ammonia Absorption Maeliine. 

Front View ]9g 

114. T^’ler & Ellis’ {CiacknelPs Patent) Ammonia Absorption Machine. 

Side Elevation -199 

116. Tylor & Ellis’ (Cracknell’s Patent) Ammonia Alisorption Machine. ' , 
Vertical Longitudinal CtMitral Section - - . - 199 

116. Lyon’s Patent Ammonia Absorption Machine. Plan- • ■ 200 

117. Lyon's Patent Ammonia Absorption Machine. Front Elevation . 201 

118. Lyon’s Patent Ammonia Absorption Machine. Vertical Longi- 

. tudinal Section • • • . j . . 202 





LIST OF ILLUSTRATIONS. ' 


XV 


PAOB 

119. Senssenhrenner Patent Ammonia Absorption Macliino ■ - 203 

120. Di 1 ;;r;un Illustrating Coleman's Kloctrically-hoatiHl Absorption 

*• JSla. hine ’ - • - - - . . 203 

121. Diagram Illustrating Leading Type ot American Ammonia Aliaorp- 

tioaMaehino 200 

12*2. Diagram showing Paths oj Ainmonta, Cooling \VaU‘r, ami Ammonia 

Lupmt tlirongli \’arn)iis Memhers of AliRorption System • 207 

123. Original Pattern V\'ni(lhauHon (Jold-air iMachine. Plan ^b’ew - 217 

124. Original PattiTii Wimlhauson C'old-air Machine. Snlo Klevation - 218^ 

•125. Modified K«(rin ot Windliausen Cold-air Maohinc \'ortical 

^ ('cntral Section ....... 220 

126. Impmved 'type CiHard {IS77) Cold Air Machine. Sectional Side 

Elevation ........ 223 

127. IliLKhnn Cold-air Machine. Tloi i/oiilal l*attern - - 226 

128. Haslam Colu-air Machine. Diagonal Paltmii* - - - 228 

120. Haslam Cold-air Machine. A'er tieal Pattern - - ^ - ,229 

1.30. Liglilfoot Douhle-aeting (!ol(l-an Machine, Horizontal Pattern. 

Vertical Cential Seclu i - ■ ■ - - - 232 

131. Lightfoot Single-a< ('ng t>»ld-air Machine Sectional Elevation • 233 

13*2. (y()le's*“ Arclu ” Cold im- Madiine wiih Auxiliary Cooling Arrange¬ 
ment. StM'tional J'llevation ..... 234 

13.3. Cole’s “Arctic” Cold-air M<ii:lune with Air-drying Arrangement. 

.'•iiiall Size. Ik'll-drivcn 'J’y{)c ..... 235 

1.34. (Mlo's “.VrclK Cold .m MaiiMine with Air-drying Arrangement. 

* Large Size Sti'am-drivcai 1\vpo - . . - . 236 

135,130. Cole’s “Arctic” Cold-air Machine wn,h Air-drying Arrange¬ 
ment. S’‘k Ehivation partly jii Sea^tion and 3’ransverac Sec-tion 237 
13” Indieator Diagram from Doultle-acting Expander of Cole’s “Arctic” 

Dry C<.ld-aii Machine ------ 238 

13S. Jmliealor Diagram from Single-acting Expander of ('ole’s “ Arct ic 

Dry (Jold-air Maehnie ...... 238 

L39. Allen Denso-air lee Machine. Diagramiimlical View* - - 239 

140. Taper SpinJl Expansion or llegulating V'alve. View pai'tly in 

Vortical Section ..... ■ 246 

141. Tap(!r Spindle Expansion or llegulating Valve. VerticaU il 

Sefem .247 

J42. 3’riuniph Angle Expansion lu- llegulating Vahe. N'ertieal Central 

Section ........ 248 

143. 'IViumph (ilobe Expansion or llegulating Valve. Vertical Central 

Section ........ 248 

144. Prick .f\ngle Expansion or Regulating Valve. Vk-rtical Central 

Section ........ 249 

145.. De La Vergne Expansion or llegulating t^ock. Vertical Central ’ 

• Section ........ 250 

146. De La Vergne Expansion or Regulating (V>ck. View of Plug partly 

m Secti()n ........ 260 

147. De La Vergne Expansion or Regulating Cock. Plan- - - 250 

148. Tiiumph Safety Combination Expansion Valve and Stop-Coek. 

Vertical Cental Section ..... 


251 






xvi , ■ LIST OF ILLUSTRATIONS. 

wa. *, PAOR 

U9, Hsslam Improved Type of Expansion Valve .... 251 

150. De La Vergne 24'in. Stop-cock. Vertical Central Section ■ • - 262 

151. l)o La Vergne 1-in. Stop-cock. Vertical Central Section - 253 

152. Frick Shut-off or Stop Valve. Vertical Central Section • , • 264 

153. 154. Frick Stop Valves. Perspective V^iews • - - • • 254 

155, 150. Haslam Standard Types of Ammonia Valves for Connections 

over 1 in. Diameter 255 

157. Haslam Small Steel Valve for Cange and other Connections under 

1 in. Diameter - - _ - - - - - 255 

*158. Discharge V'alve, Hercules Compressor. Vertical Cent ral Section • 256 

159. Suction Valve, Hercules Compressor. A’^ertical (Vntral Section • 256 

Hif). Triumph Suction Valve. Vertical Central Section ■ - - 257 

101, 162. 'rriumph Pattern Suction Valves for Frick (^onipressor. Vertical 

Central Sections ....... 258 

163, 164. Triumph Patt<*rn Sinttion Valves for De l^a Vergne ronipre8.snT. 

j Vortical Central Sections ...... 258 

165. Triumph Pattern Valve for Calalian Compressor. Vertical Central 

Section ........ 259 

166. r>e La Vergne Pipe floint. Perspective \^icw 201 

167. Do La V’ergne Pipe doint. Vertical Central Section - - - 262 

168. Kilbourn Joint for Connecting Pipes to Plates X’ertical (’entral 

Section ........ 263 

169. Kilbourn Joint for Connecting Different Lengths of Pipe*. A'erti<-al 

Central Section througli Joint ..... 264 

179. Flange Coupling <»r Union for Lcjid Casket. \'crtical Central Section 265 
171, 172. Frick C’oupling or Union for l^arge I*ipes. Vertical Central 

Section and End View ...... 205 

173. Frick Colliding or Union for Small I’ipes. Vertical Central Section 266 

174. Flange Coupling or Union for Sheet Packing. Elevation partly in 

V^ertical Central Section ...... 266 

175. De La Vergne Sohlored Pipe Joint, Ikiiid or Elbow. Vertical 

Central Section ....... 266 

176. Return Socket Bei»d. Vertical Central Section - - 266 

177. Flange Bend or Elbow. Vertical Centra] Section - • 266 

178. 179. Frick Evaporating Coil Bend. Side View partly in Section and 

End View 267 

180,181. Flange Ketuni Bend. End View and Side View • 267 

182. Return Bend or Head Formed in Halves. Side Elevation - - 20^' 

f83. Return Bend or Head Formed in Halves. Vertical Central 

Section ........ 268 

184, 185. Discs or Gills for Increasing the Surface of Refrigerating Pipes. 

View showing Gill fixed on Pipe, and View showing One-half of 
Gill removed - • . . . . ' 268 

186. Diagram showing the Variation in Capacity, &c., of a Refrigerating ' < 

Machine - - • - • - - - 277 

187. Arrangement of Cooling Pipes in Refrigerating Chamber. Trans- 

verae Section • • - - - - - 289 

188. Arrangement of Cooling Pipes in Ceiling Lofts. Transverse Sec¬ 

tion ....... - - '290 






L-IST OF ILIA'STRATIOXS. ' • xvii 

[ I'AOK 

1H9. Ilillw hir IN'Ini'cratiii^ (’old Kooins oi' (/'hiinilKTS. 

Un^iiirnnlalH (1 View .... 090 

IlMK HillV Arraiigemeul tor Urfngt'iMlin;^ (,'ol<I Koonis or Cliandters. 

Elcyalion of C’liiiTid>er pai'tl\ Jii Vortpal Section- 291 

J9I. Willijimson's T*aten( ('old Storage CliamlMT .... 293 

192. Kaslam's P.ituiu Erinc-C'oohti^ li.itiny. toi C'u<»lin^ Air lo be 

St(na<.'c I’ootiis. 1‘lati \’ieu • - 295 

193. I)ougIa.s I’aU'iit Appaialus tor (^)oling An for I’m -111 ('old Storage 

Rooms or ('lianibrrs. W'vt^iul (Central Section - 29(i 

194. < o(t|)Pi‘s Apparuins for Wa'^bing, Cooling, and Orying Air for INo 

, in C lid Stoiagc Kooins 01 ('liainl>ci m. Iiiagianirnatical \'iew - 29S 

19.). .\i laTigemeiit ot (’oohng I’ipcs in lit*<‘f Chdl-roonis l''itted m ith tin* 

l>e lia \ eigne i*<ilent I*ipe Systi'iii. 'rrans\er.se Section - 299 

19b. licet (Midi loom 111 Cold Stoic Filtcil with Haslani ralenl Mrine- 

(Exiling r>aller\ 'l’i.ins\rise Sci lion ... 299 

l!>7 Rcfngiir.iting lirstallatioii on the Miiinboldl Svatom EuaUal at • 

Munn ipal .Mialtoir, Riga. IMan ■ ' . .‘{(M) 

19K. Retngeiating Installation on the Iluinbolill Sy.steni Kreelcd at 

Municipal .\b;otoo Riga \'ei t u al Rongitmliiial Section - 391 

199-291. Rbfngeialing In t llation on tlie llninboldl Sy.stiTii Krccted at 

Mmucipil .\battoii. Riga 'rraiissia.m'Section,s • 392 

292. Hog CJull-room Tittial wiili tlie lie Ra N'crgnc Ralenl Ripe System. 
i'raii.Hvcrse Section 

2tt3 Arr.ingemenl *, Cooling Ripi''-** m (Mull-room and ('iinng Cellar in 
Raeoii toiy M’lan^V('l^e Sect,ion - . . . 

2t4 Small Cold Stiin- foi Rulelims. &e , Cooled l)\ Cold-aii \la<linie. 

[Man \’u - .... 307 

2tt5. Sni.dl (Jold Ston-for ItiiP liei A<-. Cooled ii\ Ammonia ('ompii'SHion 
, MaehiH'' .Si'clioiial Klcralion ..... 

2U(> Small Cold Sloiage Room lot Hotel 01 Ri i\,ite Residence N'erlieal 
Section 

V 97 . (Jold Stfuage Ro<aa-> an<l be-Making Riant 111 Hotrl J'erspiaAive 

\'kv\ .... ;iin 

29H, 2(t9. Rooitina An-Loi k Itoorioi ('oblSouage Rooms m Molel.s, «fee, 

Seelional Kiev.it ion and Iloi i/,ontal Se<ti< n . . 3 |] 

2 R‘ Hiagram Innung (Iravity .\ir Cii'< idation in Cold Storage Romn or 

Cliaml)et u itli (Viling I’iping ■ • - . . 314 

2U. Diagraie showing Ciavity Air (’uculalion in ( oM SloifmeRoomor 

(Miamhef with Side Wall Ripirig • - - . . 315 

212. Diagram hIiow mg < diiN ity .Vir (Mreulatioii in Cohl Storage Room or 

(. liambi'i w itli Sereem'd Wall Ri})iiig - - - . 3 |f; 

213. Diagram showing Cra\it\ .\ii Circulation ni Cold Stoi.igi' Room or 

; <'•‘amber with Seieciied WMill Riping and Ceiling Kvten.sions - *317 

2l^t.*Di<igiain showing Cravitv Air Cireulation in Cold Storage Rotunor 

Chamber with Cay's Arraugernent id Ripiiig - . . 317 

215.^ Diagram sliowmg <ira\ ity .Air Cinailation in Cold Storage Room or 

(Mianda-i with Si Clan Ripe F.oft System- - 3 jg 

219. Diagram .sliovMiig .Mechanie.il 01 lA.rced .\ii Ciieul.ilion with Air 

• Forced into t^e Room at Kat h Knd ,sml l»iawn Cut at the ('iMitro 329 



xviii LIST OF ILLUSTRATIONS. 

t ' 

n«. • 

217. Diagram showing Mechanical or Forced Air Circulation with False 

Ceiling for Distributing Cold Air from the Coil-rooni - - 321 

218. Diagram showing Mechanical or Foiced Air Circulation with Air !A.d- 

mitted at Sides of Ceiling and Drawn Out at the Centre thereof 322 

219. Diagi’am showing Mechanical or Forced Air Circulation with Air 

Admitted at One Side of Ceiling and Drawn Out at the Other 
Side323 

220. Diagram showing Mechanical or Forced Air Circulation with Air 

e Admitted at Each Side of Floor and Drawn Out at Centre of 

Ceiling ........ 324,‘ 

221. Diagram showing Mechanical or Forced Air Circulation with Air 

Admitted at One Side of Floor and Drawn Out at Other Side* of 
Ceiling - - - - - , - - - 324 

222. Diagram showing Mechanical or Forced Air Circulation with Air 

Admitted at Two Ducts on Each Side of Wall and Draw’n Out 
« through Perforated False Ceiling ..... 325 

223. Diagram showing Mechanical or Forced Air Circulation wiih Air 

Admitted at One Broml Duct on Each Side Wall and Drawn Out 
through l^erforated Ceiling ..... 327 

224. Diagram showing Mechanical or Forced Air Circulation with 'Air 

Admitted through I’erforated Floor and Drawn Out through 
Perforated Ceiling 328 

225. Door for Cold Store with Taylor’s Patent Fittings • • 357 

226. 227. Frick Co. MethcKl of Insulating*a Cold Store. Vertical and 

Horizontal Sections ...... 358 

228-235. Frick Qi. Methenis of Wall, Floor, Ceiling, Partition, Door, and 

Window Insulation- ...... 359 

236. Frick Co. Method of Tank Insulation. Vertical Section - - 361 

237-246. Barber Manufacturing Co. Methods of Wall, Floor, Ceiling, and 

Tank Insulation ....... 362 

247-254. Triumph Ice Machine Co. Methods of Wall, Floor, Ceiling, and 

Tank Insulation ....... 363 

255-265. Triumph Ice Machine Co. Methods of Wall and Floor Insulation 364 

266. Refrigerator Van er Waggon, Great Southern and Western Railway, 

IreMnd. Sectional Side Elevation .... 366 

267. Refrigerator Van or Waggon, (ireat Southern and Western Railway, 

Ireland. End Elevation Partly in Section • - • 367, 

4268. Refrigerator Van or Waggon, Great Southern and Western Railway, 

Ireland. Sectional Plan - - - - * - ‘ - 368 

269. Refrigerator Car or Waggon, Illinois Central Railway, U.S. Side 

Elevation Partly in Section ..... 369 

^0. Refrigerator Car or Waggon, Illinois Centi-al Railway, U.S. Sectional 

Plan 369 

271-276. Childs’ Patent Automatic Electrically-driven Beef Hoist- • * 373 

277. Childs' Patent Aiitomatic Electrically-driven Beef Hoist. View 

showing a Quarter of Beef in Position - - - • . 375 

278. Mutton Hoist in London Cold Store - - - ... - 376 

279. External Carcass Hoist at Nelson’s Cold Storage Wharf, Lbndon. 

At Rest .....p. .. 


*377 



LIST OF ILLUSTRATIONS. ' xix 

rw. ’ TAOV 

280. Kxteinal Carcass Hoist at Nelson’s Cold Storage Wharf, l^ondon. 

^Work;.379 

281. UaVtAn'a Apj>aratus for Preserving Fruit. Diagrainmatioal View - 390 

282. Hall Horiwjntal Duplex Marine Type of Steam-driven Carbonic Acid 

CoiApression Machine ...... 399 

2S3. Hall Veitical Maiiiie 1’yP® Steam-driven Carlxuiic Acid Compres¬ 
sion Machine ....... 4(K) 

284. Hall Small Marine 'lypcof Steam-driven Carbonic Acid Compression 

Machine. Vertical Central Section 401, 

*285. De La ^'ergne Vertical Single-acting Marine Ammonia 

• 0om]>res8ion Machine ...... 402 

286. VuplHt Horizontal Marine Typo of Steam-driven Ammonia Com¬ 

pression Machine 403 

287. Puplett Horizontal Marino 'I'ype of Bolt-di-iven Ammonia Compres¬ 

sion Machine 403 

288. Haslam Vortical Self-Contained Marine Typo of Steam-tk'iven • 

Ammonia (’ompresMioL Machine - • * - ‘ ■ 404 

289. Haslam Horizonta' Marino ’!’yi>c of Steam-driven Compound 

Ammonia Comprc‘ lor 405 

29t>, 291. KiUvmi'n Homontal Self-contained Marine Type of Steam-driven 
Double-ac:ting Ammonia C< anpressor. Plan and Elevation, partly 
in Section 406 

292. Killamm Hon.-ontal Double-acting Marine Type of Belt-driven 

Ammonia Compressor * - - - * . ' • 407 

29*5, 294. Marine Typo of Ammonia Condenser. Plan and Elevation, 

partly in Section ....... 408 

295. Insulation of Cargo H«>lds on board S.S. “Campania” and “Lucania.” 

• Transverse Seertion ------- 409 

296. Plan of Refrigerating Machine-room on Cunard Steamers • ♦ 410 

297. Tn.sulation of Provision Stores on board S.S. “Campania” and 

“Lucania.” Transverse Section tbrougb Ceiling • • 412 

298. Insulatuni ul Provision Stores on board S.S. “Campania” ^nd 

“Lucania.” N'ertical Longitudinal Section thmugh Ceiling - 412 

299. Knock Ijlectrioally-driven Ammonia Compression Machine, Marino 

Pattern 413 

300. Hall Vertical Marine Type of Steam-driven Cold-air Machine • 414 

301. Haslam Vertical Marine Type of Steam driven Cold-air Machine - 415 

302. Haslam Vertical Marine Type of Steam-driven Cold-air Machine and 

Ice-makfng Apparatus 416 

803. Arrangement of Cold Storage Chamhor on board T^arge Passenger 

Steamer. Sectional Plan ------ 418 

304. Ice-making or Congealing Tanks or Boxes for Use on Shipboard. 

Plan, Side, and End Elevations, and Detail View • • ^19 

30^. ^Haslam Method of Sterilising the Cold Air for Use in Ships’ 

Holds.- 420 

306.. Complete Milk-Cooling Plant with Warm Milk Tank and Milk 

• Pumps. Enock Ammonia Compression System • • ■ 424 

307- Installation on Ammonia Compression System in Dairy. Kilbourn 

* * System - 426 




XX . LIST OF ILLUSTRATIONS. 

t 

FIQ. I'JfOK 

30H. Milk-Cooling Plant, Expives Dairy C'»., Ltd., London. Hall Carbonic 

Acid System • • - • ■ - ■. - 427 

J109. Installation for Milk C'Mdnig on the H\imboldt .Sulphnrous Acid 

System ........ 42S 

^110. Sandbacli Combine<l Cream Cooler and Heatei’. Plan - 

nil. Sandbacli Combined Cream (Jooler and Heater. Elevatioii - - 430 

312. Capillary Cre.uiLCooler. Kle\al)<)n ... - 431 

313. Cimmery Kefrigerator on tlie .Air- ('irculation System. Plan and 

f Detail Views - - - - - 432 

314. Creamery Kefiigeratur on the Air Circulation System. Section an<I 

Detail Vitiws ....... 432 

31.“). Creameiy Refrigeiuloi on tin; Cylinder System. Idaii and Sec¬ 
tion - - • ■ - -. - - - 434 

310. Creamery Refiigeiator on the (.’ylinder Sy.stem. Detail Views - 434 

317. Jhirnund Ice Ketngerating Machine for Dairies - - - 430 

31Hc Rurnantl Small Ice .Milk (-ooling Apparatus .... 437 

31h, 32<1. Knock Patimt CliocolaC; (’ooler or KconomiH(‘r. Sectional 

Elevation and (Voss Section - - - • - 441 

321. Ramhdot Coolerwith Direct Expansion tf)i (.'oolmg Peer Woi t • 440 

322. “Baudclot Cooloi " with Brine Circulation toi ('ooling Beer Wort - 447 

323. Arrangement for (JorOing Eermenting and A'east Rooms in Hiewery 

on the Bniie Circulation System ..... 448 

324. Arrangement for (l)oling Eorinenting Room on Diieet E\})ansion 

Eiineiple on tlie De La Veigne System *149 

Erick Co. .Mctliml of (,'ooling a Eermenting Rotuii in Brewery. 

'I'ransverse Section 4.J0 

320, 327. Arrangement for Suspending I'dal Ihpe (.'oils liom ('eihng on the 

Iron Floor Beams, Side Elevation and Tiansveiso Section - 4'»l 

328. Pipe Arrangement for Vault in Brewei v. rransverse Section - 4.')2 

329, 33(1. Erick (!^o. Automatic Atteniperator System and (^'ooling Arrange¬ 

ment. Side Elevation and l*lan - - - . . 453 

331. Arraygenient for Cooling Water for Attemperating J’urpoaes in 

Brew’enes with Ammonia Ahsorption Machine • - 454 

332. Triumph Ice Alacliine Co., Small Brewery with Refrigeratng 

Macliinery Working on the Direct Kxjmnsion Principle. 
Sectional Elevation - ...... 45g 

333. Arrangement for the Extraction of Solid J\avafliii from Shale Oil. 

^ Sectional Elevation....... 460 

334. Refrigerating Arrangoinent in an Artificial Butter Factory! Sec¬ 

tional Elevation ■ • • - ^ ■ - • 462 

336. Pontifex-Wood Biine Refrigerator ..... 463 

336, 337. Installation of Refrigerating Machinery (Haslam Type) for 
* Desiccating 100,(XK) cubic feet of Air per Minute for use in 

Blast Furnaces. Perspective View and Plan View - 467*, 468 

538. Oobert Congelation Method of Sinking Shafts. V'ertie^il Section - 478 

^ 839. Gobert Congelation Method of Sinking Shafts. Plan - - -479 

340-342. Gobert Congelation Method of Sinking Shafts. Details of Con¬ 
struction - - - - • - ■ ' - 481 

343. Pyramid Ice-making Box or Tank. Vertical Section*' • 487 



LIST OF ILLUSTRATIONS. 

FI0. , rAQN 

.344- Box or 3’ank for Making L-e on the Can SyRteni • - - 488 

.345. “Eclipse*’ Cau Ice-inaking Tank or Box. Vertica! Longitudinal 

.Section ........ 489 

Prop^ Ue y for Circulating oi Agitating Brine in Ice-inaking Tank or 

Box^ Side Elevation ...... 490 

347. Frick Pattern Brine Strainer. Vertical Central Section - 491 

.348. Arrangem#nt of Fieezing ’I'ank on Can System shovving Cause of 

Brine Foaming ....... 492 

.349. Box or Tank foi- Making lee on tlie J’hite or Wall System - 4!Kl*i 

*.3.50. Ponlifex-Wood Cell lee-making Tank oi- Box - . - - 498 

IWl. Hill's Method ot Making t,1<‘ar or Crystal lee. Plan of Box or 

Tank - - - • - 509 

352. Metiiod of Making Cl<-ai Cnstal Jee. 'IVansveise Section on 

line .r-.f, Fig. ,351 .5(K1 

3.33. Modified Anangemeutof IhU’s Method of Making (Jlear or (VysUl 

Jee. Horizontal Seeti<m - - - . ^ . *501 

3.34. Modified AiTangemeot of .Mil's MethiHl of Making C3eai or Crystal 

Jee. 'PransveiSI-S 'C'tion on line Fig. 353 ■ - 501 

.355, 355. Haslani f‘aU-nt ir Agitation lee-making I^lant. Seetional 

Etevation and Plan ..... 50.3 

.3.37. Oscillating Joe-making'Faiik or Box. Si<le Elevation - 504 

3,38. Airangement for Agitation of Water in Ice Cans l)\ Means of Par¬ 
tially Sidaiierged |)imhh‘j>orted Plunger Pumj). Sectional 
Elevation ----- .304 

359. Arrangmncnt for Agitation of Water in Fixeil leo ('ans liy Means of a 

Plunger oj Piston I’unip. Vertical l^raigitudinal Section • 5<.K3 

300 Arrangement foi- Agitation of Water in Removable Ice (^ans or 

• .Moulds by Means of T'lunger Pumps. ’I'ransverso Section - 500 

34il. Arrangement for Agitation of W'ater to be Frozen in Ice-making 
Tank or Box by Long Horizontal Agitator. Transvei-sc Sec- 
titin - .306 

.162. Arrangement foi Agitivti-'o of Water to be Frozen in lee-making 
3’ank or Box by .Means of Vertical j'lurigor Puiii]). Transverse 
Section 507 

303 . Anaiigement for Agitation of M'ater to be Frozen in lee-making 
Tank 01 Box by Means of Horizontal Plunger I’ump. 'Pransverae 
Section .307 

364. 'Prinnuili Ice Ma(!)iineCo Oil Separat-or and Condensed Water-cooler. 

Plan' * - • • ■ * 

JJ65. Triumph Ice Machine Co. (Jil Separator and (’ondensed Water-cooler. 

Vertical Section ...... 509 

36(i. Frick Co. Apparatus for Making Distilled Waterfium Exhaust Steam. 

• Diagrammatical V'lew ...... MO 

. 361 Diagram Illustrating Operation of 'I'liple-offect Evaporating Ap- 

• paratus - • - • • - , 511 

368.. CVimplete Single-effect Distilling Apparatus on the Yaryan 

* System ....... 513 

369. Complete Sextuple-effect Distilling A^ipai-atus on the Yaryap 

System • • 


515 





xxii LIST UK ILLUSTRATIONS. 

*■*0. * ’ P.101I 

370. IceTank or Box-room of Ice Factory on the Can S^'steni. Sectional 

Elevation - • - - - . | . 611> 

371. Ice-Tank or Box-room of lee Factory on Plate or Wall Sysftepi,’* 

flhowing Mechanism for Raising Slabs or Blocks of Ice - 520 

372-374. Frick Co. Plan for Ice Factory of 6 to 10 Tons Capacity. * plan, 

Sectional Side JClevati(jn, and Transverse Section • - *521 

375 377. Frick Co. Plan for Ice FacUny of 30 to 36 Tons Capacity. Sec- * 

tional Side and End Elevations, and Plan- • - • 522 

• 378-380. Frick Co. Plan for Ice Faf;tory t)j UK) Tons Capacity. Plan and 

Sectional Side and End Elevations .... 52:f 

381, 382. Arrangement of Model Ice Factory by the Triumph Ice Machine • 

Co. Plan and Sectional Elevation • • • * - * 524 

383, 384. V^ulcan Iixni Works Arrangement for a 5-ton Ice Factory on the 

Can System. Plan and Sectional Elevation ■ • - - 525 

385. Ice Factory on the “ Eclipse ” Can System, Constructed iiy tlie Frick 

• Comimny. Sectional Elevation ..... 526 

386. Frick Ico-Can Hoist for Use with Small Ice-making Plants - - 527 

387. Travelling Crane and (-leared Hand-power Ice-Can Hoist - - 528 

888 . Electric (Jrane for Handling Lie Cans in Largo Factories ■ 528 

389. Automatic Ice Dump - - * - 529 

390. Vulcan Iron Works 'I'raek System . . . . . 529 

391. Brine Mixing Tank. Vertical Longitudinal Central Section - - 533 

392. Haslam Brine Concentrator ...... 534 

393. 15-ton per Hour Power Ice-crushiiig Ma(!hino .... 538 

394. Voorhees Oil Separator or Collector. Vertical t’entral Section - ^46 

396. Yaryaii Form of Oil Separator, Collector, or Interceptor. Vertical 

Central Section ....... 54 ^ 

396. Triumph Ice Machine Co. Ammonia Receiver and Oil Trap. Vertical • 

Central Section and Detail Views .... - 55 O 

397 . Stuffing Box and Packing for Ammonia Machines. Longitudinal 

Section ........ 553 ^ 

398. Mercury Well for Horizontal IMpe. Vertical Section • - 5ff3 

399. 400. Mercury Well for Vertical Pipe. Vertical and Horizontal 

Sections • - - ■ - - . . 563 

401. Diagram from Compressor in (»ood Order .... 5(^7 

402. Diagram from Compressor Indicating an Excessive Amount of 

Clearance ........ 557 

403. Diagram from Compressor Indicating Binding of Pressure Valve • 567 • 

404. Diagram from Compressor Indicating Too Great a Rt^istance in 

Pressure and Suction Pipes - - - - * . 567 

406. Diagram from Compressor Indicating Binding of Sucthm Valve - 668 

406- Diagram from Compressoi- Indicating Leaking of Compressor Valve • 668 

,407. IHagram from Compressor Indicating Defective Packing of Piston - • 568- 

408. Diagram Illustrating Arrangement of Electric Lighting on the Series • ^ 

Circuit System ....... 577 , 

409« Diagram Illustrating Arrangement of Electric Lighting on the 

I^rallel Circuit System ...... 577 . 

440. IMagram lUustrating the Cascade or Successive Cycle System of 

Prodaoing Very Low Temperatures . -689 • 



LIST OF ILLUSTRATIONS. 


xxiii 


na.« * PMi 

411. Diagram Illustrating Tripler’s Apparatus for the Production of Very 

l»w '’'empeVatures by the Regenerative Method - - - 694 

412, 413* llfltapson’s Apparatus for the Production of Very Low Tempera¬ 

tures by the Regenerative Method. Vertical and Horizontal 
Sections ........ 596 

414. Linde’s Apparatus for the Production of Very Low Temperatures by 

the Regenerative Process. Sectional Elevation • - • 597 





APPENDIX 


BIBLIOGRAPHY OP REFRIGERATION 
Books. 

Andebbon, J. W. : “ Refrigeration: an Elementary Text-book.” Lon¬ 
don, 1908. 

Baenes, H. T. : “ Ice Formation.” New York. 

Behbend,\ Gottlieb : “ Eis und Killteerzeugunge Maschinen.” Halle-a- 
Salle, 1888. 

Boyeb, Dickbbman ; “Refrigeration.” Chicago. 

Cooper, Madison : “ Eggs in Cold Storage.” “ Practical Cold Storage. 
Chicago. 

Dermine, G. : “La Technique du Froid,” translated from Germdh of 
G. Lehnert. Paris, 1911. 

Dodqlas, Loudon M. ; “ Refrigeration in the Dairy.” “ Douglas’ 
Encyclopffidia.” London. 

“ Encyclopwdia Britannica.” London, 1911. 

Ewing, J. A.: “ The Mechanical Production of Cold.” 1908. 

Gibbs, Von J. Willard; “Thermodynamische Studien.” Leipzig. 
Gobttsche, Von George; “DieRaltemaschinen.” Hamburg. 

Gueth, Oswald; “The Refngerating Engineer’s. Pocket ManaaL” 
New York. 

Hausbrand, E, ; " Evaporating, Condensing, and Cooling Apparatus.” 
London. 

Heinel, Von C. ; “Ban- und Detrieb von Kalte-Masohinenanlargen.” 
MUnchen. 

Hisoo^, O. D.: “ Compressed .Air and its Applications.” New York, 
Roller, Theodore ; “ Die Kaelteindustrie.” 

Leask, a, Ritchie ; “ Refrigerating Machinery and its Management.” 
Second Edition. London. 

Lboouz, M. ; “Ice-Making Machines,” with additions, by Messrs 
, Denton, Jacobus, and Riesenbergor. New York. 



BIBLIOGRAPHY OF REFRIGERATION. 603 


LBBCiEPE, F.; “ L’CEuf de Poule sa Conservation par le Froid.” Paris. 

Levy, John: “Refrigerating Memoranda.” Chicago. 

Loeenz, Hans : “ Nenere Kuehlmaschinen.” Muenohen und Leipzig. 

Loveedo, J. De : “ Le Froid Artificiel et ses Applications Industrielles, 
Commercial et Agiicoles.” Paris, 1906. “Abattoirs Poblics." 
Paris, 1906. “Comptes Rendus, Rapports et Communications du 
Premier Congres International du Froid. Conservation par le 
Froid des Deur^es Alimentaires.” Paris, 1908. 

Maechena, R. E. De : “ Kompressions Kalte Maaohinen.” 

Marcherea, De: “Machines Frigorifiques h Gaz Liquifiable.” Paris. 

Marchis, L.: “Production et Utilisation du Froid.” 1906. “Lemons 
sur Le Froid Industriel.” Park. 

“ Monographic sur I’Etat Actuel du Froid en Prance.” Paris, 1911. 

“ Nelson’s Encycloptedia.” Edinburgh. 

Paulding, C. P. ; “ Transmission of Heat through Cold Storage Insula¬ 
tion.” New York. 

Perbet, Aug. : “ Lea Machines k Glace et les Applications du Froid 
dans I’Industrie.” 

Petit, P., and Jacqukt, T. : “ Machines Frigorifiques,” translated 
from German of H. Lorenz. Paris, 1910. “Brasserie et 
Malterie.” Paris, 1904. 

“ Principles and Practice of Artificial Ice-Making and Refrigeration.” 

Proceedings, American Warehousemen’s Association. United States. 

Proceedings, Ice and Cold Storage Association. London. 

Proceedings, Institution Civil Enginsers. London. 

Proceedings, Institution Mechanical Engineers. London. 

Proceedings, Institute of Marine Engineers. Stratford, London. 

Proceedings, Shipmasters’ Society. London. 

Proceedings, Societe Eationale d’Agricvltwre de France, 

Peudbn, T. M. : “ Drinking Water and Ice Supplies.” New York. 

Redwood; Iltyd J. ; “ Theoretical and Practical Ammonia Refrigera¬ 
tion.” New York. 

RiCbmond, George ; “ Notes on the Refrigeration Process and its 
■ Place in Thermodynamics.” New York. 

Ritter, Friedrich : “ Wasser und Eis.” 

Rhddick, j. a.. Dairy and Cold Storage Commissioner, Department of 
Agriculture, Canada: “Reports to the Minister of Agriculture.” 

SoHHiDT, L. M.: “ Principles and Practice of Artificial Refrigeration." 
Philaddphia. 

Schwarz, -Axois: “Die Eis und Kuehlmaschinen.” Muenchen und 
leiozig. 



6 o4 refrigeration AND COLD STORAGE. 


, ScHWABZ, Oscar ; “ Public Almttoirs and Cattle Markets.” Second 
■ Eflition, edited by G. T. Harrap, A.M.I.C.E., and L. M. Douglas, 
A.M.I.M.E. 

Selfe, Norman, M.I.C.E. : “Machinery for Refrigeration.” Chicago. 
SiEBEL, J. E.: “.Compend of Mechanical Refrigeration.” Eighth 
Edition. Chicago. 

Skinklb, E. T. : “ Practical Ice-Making and Refrigeration.” Chicago. 
Spon’s “ Dictionary of Engineering.” London. 

Spon’s “ Encyclopiiedia.” London. 

Stetefeld, Richard: “Dio Eis und Killteerzeugungs Maschinen.” 
Stuttgart. 

VooRHEES, Gardner T. : “Indicating the Refrigerating Machine.” 
Chicago. 

® • 

Wallis-Tayler, a. J., A.M.I.C.E. : “ Refrigerating and Ice-Making 

Machinery.” Third Edition. “ Refrigeration, Cold Storage, and 
Ice-Making.” Third Edition, 1911. “The Pocket Book of Re¬ 
frigeration and Ice-Making.” Fifth Edition. London, 1911. 
Williams, Hal., A.M.I.M.E.: “ Mechanical Refrigeration.” London, 
1903. 

Wilder, F. W. : “The Modern Packing House.” 

Wood, De Volson: “Thermodynamics, Heat, Motors, and Refrigerat¬ 
ing Machines.” New York. 

Periodical Publications Dealing Wholly or Partly with 
Refrigeration. 

Cold Storage. Monthly. London. 

Cold Storage. Monthly. New York. 

Eis- und Kiilte-Industrie. Bi-monthly. Berlin. 

La Revue Generale dn Froid. . 

“Power,” Refrigeration Department. Weekly. New York.- 
Proceeding.s, Ice and Cold Storage Association. 

“ Practical Engineer ” Pocket Book. Annually. Manchester. 

Ice and Cold Storage. Monthly. London. 

Ice and Cold Storage Trades Directory. Annually. London. 

Ice and Refrigeration. Monthly. New York. 

Ice Record. Monthly. Philadelphia. 

Ice Trade Journal. Monthly. New York. - 

Le Froid, La Glace, et La Refrigeration. Monthly. Paris. 

Zeitschrift fur Eis. Bi-monthly. Lubeck. 

Zeitschrift fUr die gesamte Kiilte-Industrie. Monthly. Munich. 



INDEX 


A bsolute preSHure und tempera¬ 
ture, 9 

— zero, 9, 10 

Absorber for absorption maohine, 177, 
» 178, 183, 184, 185, 197 

Absorptifm and binary absorption pro- 
otas, 174-210 

- - machine, refrigeration by, 274 

-in butter works, 402 

— system, the, 20,174-210, 274,5H9, 570 
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Agent, liquefied arrangement for removal 
of. from condenser, 159, 160 

— or medium used in vacuum machines, 

32, 33 

Agitation, method of making clear crystal 
ice by, 485, 487-507 

Air agitation system of making clear or 
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stores, 280 

— of water required in refrigerating 
,, apparatus, 5i0 
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Ancients, production of ice known to, 1 
use of liquefaction by, for refrigerat¬ 
ing purposes, 21 

..Alfdte^ formula of relation of specific 
’ gravity of sulphurous acid to t«m- 
/ ^ petalore, 121 


Andrews’ experiments in liquefaction of 
gases, 688 ' 

Angle valve, 247 

Anhydride, carbonic. See Carbonic 
acid 

Anhydrous ammonia, 49 

-boiling point and latent heat of, 

48 

-manufacture of, 49, 50 

— sulphurous acid and carbonic acid 

refrigerating agent, 45 
Antarctic, single-acting compressor, 108 
Anti-putrescent properties of ammonia, 
276 

Apparatus, ammonia, leaks in, 559 

— for de-aerating or distilling water, 

508-617 

— for making distilled water froip 

exhaust steam, 510 

— gravity, for lowering carcases, 380 
Appendix, 602-604 

Apples, cold storage of, 389 

— first cargo of, from Melbourne, 6 
Appliances inquired in absorptionsystem, 

174, 175 

Applications of refrigeration, construc¬ 
tional, 473-483 

-manufacturing, 439-473 

Approximate allowances, per ton capacity, 
in refrigerating marine, 286, 287, 
457 

— coat of operating ice factories, 686 

— — of ice-making, 687 

Aqueous vapour held in suspension in 
pure dry air, 573 

Architectural aspects of cold stores, 285 
Arctic cold-air machines, 211, 212, 234- 
238 

-experiments with, 244 

— Machine Manufacturing Co., ammonia 

compressors, 104 

Areas. See Diameters, areas, and dis¬ 
placements 

Arraitage, Mr H. T., regulating the 
fermentation of tea by refrigeration, 
464 

Armstrong, Lord, definition of heat by. 

Arrangement for chilling and freezing on 
wall ^stem, 292-294 

— for cooling fermenting rooms, 448-461 

— for increasing surface of cooling pipes, 

268,269,292 

— for lifting ice cans, 62^-529 

— for more even distribution of work td., 

compressor piston, 106 

— for traversing carcasses through 

chilling and freezing rooms, 293 

— of air-oc^ng tower, 295-297 
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Arrangement of cold storee, internal, 
285 

— of oooUi^ pipes in bacon factories, 

305,306 

-in ceiling lofts, 290' 

-in* cold stores, 280-284 

-on brine circulation system, 

274, 275 

— of comigated brine air-cooling 

battery, ‘294-296 

— of piping in cold storage rooms, 280- 

284, 313-328 

— bf refrigerating plant in an hotel, 309- 

312 

Arrangements for making clear or crystal 
ice, mibcellaneouB, 499-608 

— of pump or piston agitators, 505-507 
.^lArticles, various proper temperatures for 

cold storage of, 381-395 
Artificial butter factories, use of refriger¬ 
ating machinery in, 461-464 

— cold, use of, by Esthonian tribe, 21 

— currents of air, atmospheric con- 

derwers cooled by, 161 

— ice, storage house for, 635 

— refrigeration lu bacon curing works, 

305,306 

— — origin of, 1 

— surfaces of ice, formation of, 473 
Asbestos paper or cloth, value of, as an 

insulating material, 335 

— results of tests as to conductivities of, 

334 

— use of, as an insulating material, 329 
Ashantee cauipaigns, use of ether 

machine, 120 

Asparagus, cold storage of, 891, 392 
Atlaa CcMupany, Ltd., oarUmic acid 
compressor, 149-151 

Atmosphere of cold stores, 271,272, 273, 
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— of hospitals and larg^ public buildings, 

cooling of, 472 * 

Atmospheric surface condensers, 157-164. 
5fle aiio Oondhnsers 

. Attemporating in breweries, refrigerated 
wfttei’for, 444,451-456 
Auldjo Machine Co., copipressor made 
by, 108 . 

Australian apples, trade in, 6 
Australia, use of pumice atone e.s an insu- 
„ lating material in, 329 

Automatic eleo^c beef hoist, 372-376 

— ice dump, 625-627 

— Refrigerating Maohino Co., ammonia 

a compressor, 100 

Auxiliary or separate absorber, 194 
Ajieshury Dairy, vacuum machine at, 

« •' 


B aby compressor, A. H. Barber 
Manufacturing Co., Ill, 112 * 
Back pressure, loss of eiiioienoy in am¬ 
monia compressors from, 66 
Bacon factories, arrangement of cooling 
pipes in, 305, 306 

-reasons for* use of artificial refri¬ 
geration in, 306 
Bait, freezing, 472 

Ball, improvements in absorption 
machines, 197, 198 

Balloons, use of refrigeration for purifica¬ 
tion of gas for inHation of, 472 
Baltic, imports of butter from, 6 
Bananas, transport of, from Jamaica, 3 
Barber, A. H., Manufacturing Co., 
double-acting ammonia compressor, 
108-111 

---plans for insulation, 366 

-small cold store and ice 

plaut for hotel, 309, 310 
-single-acting ammonia com¬ 
pressor, 111, 112 
Bar-oox, cooling of, 209 
Barges, refrigerated, 421 
Barnard water-cooling tower, 170 
Barrel, old, to make brine mixer of, 5SS 
Baudclot cooler for breweries, 446, 447 
Bavarian engineers, tests of Linde com¬ 
pression machine by committee of, 
80, 81 

Bayswater, vacuum machine at, 27 
Beck, William Henry, improvements in 
absorption machines, 175, 184 
Becks, (t. a., experiment on heat con-* 
ductivity of slag wool and charcoal, 
342, 343'^ 

Beef chill-room fitted with Haslatn patent 
brine-cooling battery, 301-303 

-fitted with the I)e La Vergne 

patent pipe system, 298-301 
hoist, automatic, electrically operated, 
372-376 

Beer w<jrt, refrigeration of, 444-446 
Boffa, Della, A West, -ether machine, 
42 

Belgian dairies, type of ci'eam cooler used 
in, 431 

Bell-Coleman cold-air machine, 221,222, 
243, ‘244 

— freezing machine, t^ts to determine 
best covering for, 336 
Berryman system of making ice, 5(&-5Qi 
Bibliography of refrigeration, 602-604 
Binary absorption process, 209, 210 
Black corruate, cold storage of, 389 
Block, Dr, discovery of latent heat by, 
10 

Blast, oold-air s-^et \ 
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Blast fiuTiaces, use of refrigeration in, 

’ , 466-469 

Bleaching of clothes by refrigeration, 
472 

"Block, Louis, improvements in ammonia 
compressors, 57, 5S 

Blowers, use of, for cooling atmospheric 
condensers, 161 

Blythe & Southby, improved vacuum 
machine, 31, 32 

Board of Trade instructions to surveyors 
re carbonic acid machines, 397 
Boiler-covering materials, heat conduc¬ 
tivity of, 340 

— feeding purposes, use of waste con¬ 

densation water for, 108 
Boiling point, latent heat, &c., of anhy¬ 
drous ammonia, 48 
Books on refrigeration, 602-004 
Borsig, A., sulphurous acid machines, 120 
Bottles containing anhydrous ammonia, 
warming when charging machine 
from, 540 

-desirability of keeping in' 

cool pla^je, 541 

Box & Lightfoot, tabic of aqueous vapour 
held in suspension in air, 573 
Box radiation through walls, 288 
Boyle, Mr David, pioneer of refrigerating 
machinery, 97 

-modern type of ammonia com¬ 
pressor, 97 

Boyle’s or Marrioite’s law, 18 
Bramwell, Sir Frederick, on Perkin’s 
• compression machine, 34 
Breaking joints in ammonia machines, 
551, 552 

— machinery, ice, 537, 538 
"breweries, cubic feet of space per running 

foot of 2-in. piping, 281 

— refrigeration in, 444-458. 

rough estimate of refrigeration in, 457 
Irewery, ammonia pumps or compressor 
^ for. 86, 87 

Jrick surtaces, waterproof coatings fi;r, 
345-360 

bridge, Messrs David * & Co., ice crashing 
or breaking machinery, 637, 538 
Orine, forming of, 492 

— circulation system, arrangement of 
» cooIi^|g pipes on, 274, 275, 313-328 

-of refrigeration, 274-275 

-objections to, 279 

-in breweries, 446, 447, 448 

— cold, passing air through body of, 

297 

— oonoentoator^ 534 

— cooling batteiy for cooling air, 295- 

297 


Brine for use in refrigerating and ice- 
making plants, 532-534 

— mixing tank, 532, 533 

— strainer, 533 

British Government, use of refrigerating 
machines by, 119, 120 ' 

— Humboldt. See Humboldt 
Broadbent, Mr J. C., rotary chocolate 

cooler, 443, 444 

Broiiipton, vacuum machine at, 27 
Bronze alloy, use of, in compressor 
cylinder, 143 

Brotherhood’s refrigerator, 445 
Buflalo Refrigerating Machine Co., am¬ 
monia compressor, 102-104 
“Bulletin de In .Socii!>t6 de Tlndustrie 
Minerale,” Poetsch process, 422- 
438 

Bureau, U.S. Weather, saturation of air, 
r>72 

Burnand ice refrigerating machine, 436, 
437 

Butter, artificial use of refrigeration in 
factories of, 461-464 

— brought over from Denmark, 6 

— imports of, 6 

— manufactories and dairies, refrigera¬ 

tion in, 422-438 

— preservation of, by refrigeration, 385 


C ABBAGE, cold storage of, 391, 392 
Caillotet, experiments in liquefac¬ 
tion of gases, 588 
Calahan suction valve, 2ti() 

Calculations made with re.spcct to heat, 
11-19 

“ Campania,” refrigeration of cargo holds 
on board of, 409-411 

-of provision store on board of, 411- 

413 

Campbell. iS’ec Westerlin and Qampbell 
Canada, imports of butter and cheese 
from, 6 \ 9 

Canadian apples, trade in, 6 
Canadian Farming World, article on 
filling ice houses, 535 
Candle and paraffin oil works, refrigera¬ 
tion in, 459-461 ‘ 

Can hoist for small plants, 525 
— system of ico-making, 487-492 - 

-— objectionable features of, 488- 

490 

Cans or moulds, ioc, 27 ^ 

Canvas saturated with cold brine, cool¬ 
ing air with, 297 

Capacities, refrigerating, table of, 284 
Capacity of machine required for refri* 
geration of cold chamber, 2^, 287 
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Capacity of refrigerating machine, dia- 
shewing variations in, 277 
Ca^iUai^' oream cooler, 451 
Carafes, arrangement for freezing, 309 
— frapp^, production of, 27 
C^bon dioxide. See Carbonic acid 
Carbonic acid, advantages of, 47 

-and sulpburouR acid refrigerating 

agent, 45 

-composition of, 129 

-compressors, 45, 46 

— — disadvantages of, 47 

— •- machine, 45-47 

-consumption of water in, 142 

— -leaks in, 560 

-marine types, 396401 

-to charge and work, 554-556 

-properties of, 45-47 

^ — solidification of gas, 129, 130 

— anhydride. -See Carbonic acid 
Carcasses, freezing of, for transport, 270- 

272 

— imports of frozen, 2-4 

— packing, in cold rooms, 271, 286 

— storing, on board ship, 417, 418 
Carcass hoists, 372 380 

Cards. See Biagn.ias 

Cargo of apples, first, from Melbourne, 3 

— of frpzen meat, fir^-^. 2 

— of fniit, storage of, 4i9 

Carpetl, preservation ot, by refrigera¬ 
tion, 472 

Carr^, Edmond, sulphuric acid machines, 
27 

— Terdinand, absorption machine, 174, 

176-179 

— band power ice machine. 33 
Carrots, cold storage c»f, 391, 392 
Ckrs, refrigerated. See Vans 
Cascade system of producing very low 

temperatures, 588-592 
Case !^frigerating Machine Oo.’s am¬ 
monia oompressifcni fiiuchines, 108 
C^tamba grapes, cold storage of, 388 
^ttle, live,* cooling holds of vessels for, 
473 

Ceiling lofts, cooling pipes in, 290-292 
Ceilings for cold stores and ice houses, 
356, 357 

Olery, cold storaffe of, 391, 392 
Cell ice-making boxes or tanks, 496- 
‘499 

Centigrade thermometrioal scale, zero on, 
12 

CMoner, Sons, Sc Co., Geo., ammonia 
: i^mpressor, 104, 105 

Chambers. See Cold stor^e chambers 
Charc^l, consistency for packing insulat- 
ing Bi>ace8 with, 330 


Charge and work carbonic acid maohmei 
to, 554-666 . ‘ 

Charging an ammonia machine, 640, HI 
Charles’ law of expansion of gases, 12,13 
Chart applicable to any value of n, con¬ 
struction of, 14-16 

Chatwood elootrieal thermometer, 576, 
576 

Cheese, importe of, from CanacUi, 16 

— refrigeration of, 386 

Choniic^ process of refrigeration, the, 
20, 21-24 

— works, use of refrigeration in, 472 
Cherri^, cold storage of, 389 

cijew, Mr Letiig, submerged condenser, 
154 

Chief danger of deterioi-ation of frozen 
meat, 6 

— features to be looked for in an air- 

cooling tower, 157, 158 
Childs, J O., & Co., Ltd., automatic 
electric lieef hoist, 372-876 

_ --mutton hoist, 376 

Chilled beef, imports of, 3 
Chilling, amount of refrigerating pipes 
necessary for, 280 

— or freezing on wall system, ^2, 293 
Chill-ioom, bacon, with side and ceiling 

cooling pipes, ,303-306 

— beef, cooled by brine air-cooling 

l>attery, 301-303 

-fitted with patent pipe system, 

298-303 

Chimogene, use of, as a refrigerating 
agent, 44 

Chloride, methyl, properties of, 120 

— of sodium, brine made from, 274 
Chocolate, cold slabs or tables for manu¬ 
facture of, 193, 194 

— ooc^ei, rotary, 443, 444 

— cooling by cold air, 442, 443 
-Knock & Co., Ltd., 440-442 

-first application of refrigerating 

machine to, 440 

— manufakcture, use of refrigeration in, 

440-444 

Choice of agent for i-efrigerating pur¬ 
poses, 35-37 

Choking up or freezing of compression 
system, 557, 668 

Christiansen, Adolph Gothard, improve¬ 
ments in absorption machines, 176, 
184, 185 

— See ofso Mackay and Ohristiansen 
Circulation, methods of piping ti»at 

binder air, 313-316 

— of air in cold storage ohamberii 

313-328 

Citron. See Citrus fruits 
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Citrus fruits, cold storage of, .188 
Clark, Ml D. K., report on experiments 
■with non-conducting substances, SSb 
Classification of refrigerating iiiacliincry, 

20 

Clausius, definition of heat by, 9 
Clearances in' ammonia compressors, 

'—'53-66 ^ „ 

Clear or crystal ice, arrangements for 
making, 485-508 ^ 

Cleveland, Ohio, Twining s ooniprcssion 
machine in, 37, 38 

Clothes, white bleaching ot, by retngera- 
tion, 472 , „ 

Cloth, hard-presaecl aKbustos, vhJuc ot, a« 
an insulating materml, IlSa 
Clouet, experiment* by, in liqiielaction 
of cases, 688 

Coal ashes, use of, for insulating pur- 
_ coSption of, by cold-air machines, 

273, 274 

Coati^ of ice on direct cxjiansion pipes. 

Coatings for brick surfaces, waterproof, 
345-3.'>(l ., 

Cochran Co., carbonic acid com¬ 
pressor, 149 

Cooke and valves, 246-269 
_expansion or regulating, o3, -46 

-Tstop, 252-25(1 

_suction and discharge, 2.)()-(i6 

Coil bend, evaporating, ^0-267 

tCoile defrosting of refrigerating, 5 , 

- of^pipe in submcrpl condenser, 
dimensions of, 165-157 
Oike, use of, for charging air-cooling 

towor, 29b oun 

Cdld air blast ‘‘'fyxf I7M74 

_machines, 20, 211-24.), 272 20» 

_advantages of, 212 

_.for marine work, 414-417 

_marine types; 396-421 

_modem patterns of, 41b 

_proper management of, 5b2 

_pumps of, 211 ... 

__ ___ refrigeration, by, 270*2/4 

__^ • X 11 i.- 

— teunk for marine installations, 

^ brine,^pMsing air through body of, 

• e 

_ roopiB or chambers, eonstruotion of, 

286-364 , . 

_ — pocking of carcasses in, 280 
_ Bimple^thod of producing, ui hot 
climatee, 25 


Olid slabs or tables for the moiiitfacture 
of chocolate, 193, 194 . 

— storage chambers, circrdatiotl of air 

in, 313-328, 417 

_temperatures for, .192-390 

_ventilation of, 312,,313 

_cubic feet of space per running 

foot of 2-in. piping, 281 

_space, inspection of, 417 

- 270-328 

— stores, ceilings for, 356, 3i)7 

_ — divisional partitions for, oOo, Ot)**, 

355, 35(i 

— — rtoonng for, 355, 356 
-lighting of, 576-578 

— — in United Kingdom, 7 
-piping for, 280-284 

_ — ventilating shafts for, 312 

— — walls for, 350-354 

_ various manufacturing, &e., applica¬ 
tions, 439-483 

Coleman, C. J., improved absorption 
machine, 203-206 

— J. J., expeiimcnts by, on h^t con¬ 

ductivities of substances, 335, 336 

— .See Kell-Colcman 

Cole, Messrs T. & W., Ltd., chocolate 
cooling, 442, 443 

_cold-air machine, 2ii, -iiA 

244 

- --marine, 417 

Collectors or oil separators, 76, 509, 510, 
.544-649 , I * 

“ Colliery Manager’s Handbook, (jobert 
congelation method, 477-483 

— shafts, application of refrigeration to 

sinking of, 472, 474*483 
Collins, Mr W. Hepworth, on evapora¬ 
tive values of various substances, 

Colyer,*Frederick, C.K., results obtained 
with etiier machine, 43, 44 

.1.2_ ..C 


1 etiiei iiiacimiu, w, 

__worlyng of absorption 

machine, 579, 580 . 

Combined refrigerating and'ioe-making 

tank, 5()7 i i • r 

— utilisation of cold air and bnne tor 

cooling, 292 

Common ammonia of commerce, 49, .ou 

— salt. See Chloride of sodium 
Compensating chamber for stuffing box, 

85 

(Complete discharge of gas from wm- 
presaor cylinder, to ensure, 53, 54 
_ installation of ammonia plant on the 
De La Vergne system, 69-62 
_ email brewery htted with refriger¬ 
ating plant, 468 

Composition of freezing mixtnres,.24 
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^omposiUon of fossil meal, use of, fur in* 
sulatintf purjioses, 329, 330 

— — kieB«^guhr, use of, for msulitlmg 

purixises, 329, 334, 336 
-victuals, 383 

Compoxmd ammonia compreissovs, 93*99, 
m, 407 

-compressor, Haslaiu marine type, 

400, 407 

-Linde inarino type, 403 

-- single-acting marine type, 4i>“2 

— submerged cundenHei*8, 154, 155 
Cignpressiun head, safety, 69, 70 

— heat generated by, misleading jdirasc. 

16, 17 

— machine, lefngeratiun by means <if, 

274 

— machines, aimnuuia, cycle ot opeiM- 
C> tion in, 52 

-main parts comprised in all, 20, 

34-36, 37 

— process, the, 18, 20, 34-151. Stc aho 

('ouipression system 

— side of ammonia machines, 52 

— system, choking up or freezing ot, 

557, 558 

— — tlie, 20 

Compressor, connection of oil separaUir 
to, so that oil can be used over again, 
549 

— diftgranis, interpretation of, 566-569 

— piston rod packings, 552-554 

— safety crosshead for, 71, 72 
Compressors, ammonia, 51-116, 4< 12*413 

— carbonic acid, 45, 46 

— double-acting, 51 

— ether, 34-44 

— methyl chloride, 120 

— methylic other, 46 

— safety spiing heads for, 66-74 

— single-acting, advantages of, 51 
-disadvantages of, 51 

— sulphurous acid, 12ft 129 
Condensation side oTf armnonia macliines, 
• 62 . 

Condensed aninionia; to prevent loss of 
efficiency by heating of, 543, 544 

— water cooler and oil separator, 509 
Condenser, accumulations of deposit in, 

549-551 

— atmospheric, condensing surface re- 

• quired, 155-157 ^ 

— cooling water required, 142, 156, 157 
-for, 168-173, 543 

— distribution of cooling water, 157, 

158 

— Hfl.ll, 134 

— incrustation, 560, 561 

— mqrrino type, 408-409 


Condenser preventing spluttering of 
cooling water, 158,169 

— removing liquefied agent from, *159, 

160 

— usual dimensions of, 164 
Condensers, ammonia, marine type, 401, 

409-411 

— 87, 120,127, 128. 132, 133, i:i4, 135, 

138, 146,149, 151, 152-168, 401, 409- 
411 

Condensing pressure, use of, for ascer¬ 
taining whether apparatus is fully 
charged, 564, 565 

— surface for atmospheric condensers, 

amount required, 164 

-for submerged condensers, amount 

rerjuired, 153-157 

Conductivity of various substances, ex¬ 
periments on, 330-345 
Conft'ctionery, cold slabs or tables for 
the manufacture of, 193, 194 
Congealing, tanks, marine, 418 
Connections. *SV Flange unions 
('onroy. Stt Loughis and Conroy 
Consistency for packing insulating spaces, 

3:10 

Constructional applications of refrigera¬ 
tion, 439, 440, 473-483 
Construction of ammonia gas com¬ 
pressors, 51-56 

— and arrungenicnt of cold stores, 285 
Consumption of water in sulphuric acid 

machines, 28, 29 

— aleo Coni consumption 
Continent, number of firms directly intei;- 

csted in refrigeration <»n, 7 
Continuous-acting absorption machine, 
175 

Conveying machinery, ice, 520-529 

- Sc nlM Hoisting and conveying 

machinery 

Coolers for cold-air machines, 220, 222 
- Baudelot, 446, 447 
Cooling air, arrangements for, 292-328 

— batUTy, corrugated brine, 292-294 

— fermenting rooms, 446-451 

— pipes, arrangement of, in ceiling lofts, 

303, 318, 319 

-on brine circulation system, 

274, 275, 289, 290 

— surface of pipes, means for increasing, 

268, 269, 292 

— towers, water, 168-173 

— water, formula for calculating amount 

retjuirod in submerged condensers, 
156 

-for condenser, 168-173, 543 

— — in separator jacket, 5^ 

-to economise, 168 
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Cooper, Madison, arrangommt for wash- 
• ing, -aoling, and drying air, 2J7, 
'298 

_correct relative humidity for a 

given temperature in egg roomp, 
387,388 . ^ 

_on air circulation in cold storage 

ohambers, 313-328 

_on cold storage of eggs, 297, 298, 

387,388 . 

— system of mechanical air circulation, 

advantages of, 328 

Corliss engine for driving ammonia com¬ 
pressor, 81, 110, 114 
Correct relative humidity for a given 
temperature in egg rooms, 387, 388 
Corrosion of cooling pipes, protection of, 
from, 276, 277 

Cost of ice-making, approximate, o87 

— of operating ice factories, approxi¬ 

mate, 686 

— of working refrigerating machinery, 

679-687 

Cotton wool. \See Slag wool 
Coupon system of selling and delivering 
ice, 6 ^, ,537 . 

Courri^res, use of refrigeration tor shall 
sinking at, 476 

CraokneU’s patent absorption machine, 
198-21H) 

Crane with long jib for raising carcasses 
from barges into cold stores, 378 
Cream coolers, 430, 431 

— trade in frozen, 6 

greamery Package Manufacturing to., 
ammonia compressor, 106, 106 

— refrigerators, 431-436 
Creams, frewiing, ice, 309 

Orescent or serai-cylindneal door tor 
cold storage rooms, 310-312 
Groeshead, safety, for compressors, 71, 

72 , . V. '• 

Crushing or breaking machinery, ice, 
, 637,338 

Crystal ice. See Clear ice 
, Culw ice, 6^ 

Cubic feet of ammonia gas per minute to 

S reduce one ton of refrigeration per 

_of 5 paoe per running foot ot 2-in. 

, piping, 281 

4oe, 530 . , , 0.4 

Oulten, Dr, experiments with ether, 34 
^ vacuum machine, ^ 

■ burranti, cold storage of, 389, 393 
OirrVe PVn=constant, to wmstruct, 14, 
.16 

Oyole , of operations in compression 
, luaohiaea, 35-37 


Cylinder aystem creamery refrig,ratar 

Cyli^rioal oil separators or polleotora, 
545-54S . , 

Cyrogene, use oi, as a refrigerating agent, 

44 

D airies, refrigeration in, 422-438 
Davy, Sir Humphry, definition of 
heat by, 8 

Dead bodies, preservation of, by refrigera¬ 
tion, .391 ' 

— weight safety valve, 144 
De aerated water, making clear ice with, 
485 „„ 

De aerating or distilling apparafus, 508- 
517 

Definition of latent heat, 10 
— of specifie heat, 10 
Definitions of heat, various, 8-10 
Defrosting of refrigerating coils, 580, 
581 

Dehydrator. See Drier 
De La Vergne arrangement for cooling 
in brewery, 448-460 
— atmospheric condenser, 153 
— disc or gill for cooling pipes, 268, 
269 

— expansion cook, 247, 148 
- installation at skating rink, 47.3 
— installations on “Canipania” and 
“ Lucania,” 411-413 

— marine types of ammonia machines, 
402 

— oil separator or collector, 76, 544, 646 
— patent pipe sj'stem, 268, ^9, 298-301 
— safety suction valve, 260 
— stop cock, 252, 253 
— type of ammonia compressor, 56-66 

-of pipe joint, 261, 262, 285 

Delion and Lepen, sulphurous acid ma¬ 
chine, 129 “ . 

Della Koffa and West ether machine, 42, 
Do Mairan, specific gravity of ice, 484 
De Motay and Rossi absorption machine, 
210 

Denmark, butter hro^ht over from, 6 

Dense air machine, 2!S-241 

Denton, Professor, losses in compressors, 

91 . - ■ r 

Deposit in condenser, aooumuiations of, 
549-661 , 

Deteriofation of frozen meat, chief 
dangers of, 6 

Determination of moisture m air, 570- 
673 

Dewar, Professor, produotlon of Hquia, 
air, 690, 591, 692 
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Bew&r, Professor, use of ethylene as an 
agent, 590 

—; — vacuum flask, 591 
Diagrams from “Arctic” cold-air ma¬ 
chine, 237,238 

-Fri<Jk compressors, 70, 71 

— interpretation of compressor, 566-569 
Diagram showing variations in capacity 

of refrigerating machine, 277 

— taken from double-acting ooraprossor, 

with sealing oil, 64, 66 

-single-acting compressor, with* 

• out sealing oil, 63, 64 

-single-acting compressor, with 

sealing oil, 64, 66 

Diameter and stroke, ratio between, in 
ammonia compressors, 54-5<) 
.^^ckerson, Mr Walter, on physical con¬ 
stants of liquefied gases, 599-601 
Dimensions of submerged condensers, 
155157 

Direct expansion, cooling brewery fer¬ 
menting room by, 448 

-making ice by, 486 

-pipes, effect of a coating of ice on, 

560 

-system. 275-279 

Disadvantages of cold-air system, 211 
— cold-air blast system, 279 
Discharge of cas from compre^r, to 
effect compete, 53, 54 

— valves. iSee Suction and discharge 

valves 

Discs or gills for cooling pipes, 208, 269 

— rotating, cooling air with, 297 
Dissolution of a solid, abstraction of heat 

bv, 20 

Distiuation of anhydrous ammonia, 49, 
50 

Distilling. iSee De-aeratiug 

— machine, methylic ether, 40 

Distiiotive feature of the Yaryan evapo¬ 
rator, 513 • 

Distinct i^eanings of l^eat and tempera¬ 
ture, 10 ' . 

Distributing valve. See Expansion valve 
Distribution of water in atmospheric 
condenser, 158, 159 ^ 

of work of compressor piston, 105 
Divisional partitio.is for cold stores, 353, 
. 354 

Dobbie, John G., tests by, to determine 
conductivity of asbestos and Kie- 
selghur con^osition, 334, 336 
D<Miald8on, ^ F., lifts designed by, 378- 
380 

— noh-oonductive values of different 

materials, 337, 338 
Door'inmilation, 357-360 


613 

Door, rotary, 310-312 
— wedge, ^7 

Dortch. See Suppes and Dortch 
Douane, Messrs, methyl chloride com¬ 
pression machines, 120 
Douane, Mr M. E. See Douane, Messrs 
Double-acting cempr^sor and tandem 
compound condensing steam engine, 
90 

-compressors, advantages of, 51 

—-disadvantages of, 51 

-compressor stuffing boxes, packing 

for, 663 

-— — l)e La Vergiie ammonia com¬ 
pressor, 56-66 

-Kilbouni horizontal ammonia com- 

S rcdsion machine, ^ 
ect water-distilling apparatus, 516 
- pipe condensers, 165 
Douglas and Conroy patent sulphurous 
acid compressor, 124-128 
Douglas, Messrs Wra., & Sons, Ltd., air* 
cooling apparatUH, 295-297 

-sulphurous acid compressor, 124- 

128 

— Mr Loudon, on dairy refrigeration, 
422 

— Mr 'f\, apparatus for cooling air, 295- 
297 

Douiges, use of refrigeration for sinking 
a^fts at, 475 

Drawlwicks to wall or plate system of ice¬ 
making, 495 

Drier or dehydrator of ammonia still, 
lime in, 50 • 

Drip tiuys for cooling pipes, 298, 305 
Drop valve steam engine for driving 
compressor, 94 
Dry air refrigerator, 242 
— system of working ammonia com¬ 
pression machkies, 52, 53 
Drying, cooling, and washing air, appar¬ 
atus for, f^7,298 
Dual absorption system, 209, 210 
Duplex marine type of carbonic acid 
machines, 398-401 

Dutorne, Victor, metallic packing, 478 
Dynamics, thermo, first lesson 01 , 8-19 
Dynamite factories, refrigeration in, 471 


E ABLY investigators and experi¬ 
menters in the production of veiyr 
low temperatures, 688-592 
Eclipse Atmospheric co^em^r, 158 
— can ioe-mahing box, 488 

-system, plan of ice faotcuyr on, 520, 

526 



6 i 4 


INDEX. 


Rconomifler or temperature exchanger, 

' .181, 107 

Economy of direct expansion system, 
275 

— of multiple effect distilling apparatus, 

512 

Effective surface of cooling pipes, to 
increase, 268, 2(59 

— effect of a coating of ice on direct ex¬ 

pansion pipes, 

Efficiencies of ice plants, 531 
Efficiency, loss of, in ammonia compres¬ 
sors, 56 

— of refri^rating machines, greatest 

theoretical, 17 

— of submerged condenser, to ensure 

utmost, 154 

— principal qualities to he sought for 

in compressor to ensure maxiniuin, 
53-56 

— water-cooling apparatus, 170 

Egg rooms, correct relative humidity in, 
387 388 

Eggs, cold storage of, 297, 298, 386-388 
Egypt, use of ether machine during mili¬ 
tary operations in, 120 
Elder, Dempster, & Co., transport of 
bananas from Jamaica by, 3 
Electrically driven ammonia compressor, 
110,111,413 

-compressor on railway van, 371 

— operated lieof hoist, 372-376 

-mutton hoist, 377 

— — thermometer or telethermometer, 

. 575,576 

— heated absorption machine, 203-205 
Electrical temperature tell tales and long¬ 
distance thermometers, 573, 574 

— welding of condenser and evaporatf)r 

coils, 135 

Electric fane, use of, for circulating ,air, 
319, 320 

— welding, 135 

Elevating and conveying machinery, ice, 
520-529 

Elevators or hoists, ice, 527*529 
Emery, Charles E., experiments with 
non-oonductora of heat, 335 
Enclosed oomuressors. ^ee Inclosed 
Endless tcavelling band or apron choco¬ 
late-cooling apparatus, 444 
Engineer, description of Poetsch methfKl 
in, 475 

Engineering, non-heat-oonducting pro¬ 
perties of various substances, 341 
Engine-room of steamships, location of 
carbonic acid machines in, 397 
Enook, Arthur G., safety device for com¬ 
pressors, 71, 72 


Knock compressors, 71-79 
-marine typo, 413 * 

— milk-cooling plant, 423-425 

— on proper temperature for storing 

butter, 438 

Equation expressing greatest'theoretical 
efficiency of a refrigerating machine, 
17 

Kijuivalent of a ton of ice, 484 

— of heat, mechanical, 11, 18 

Escher, Wyss, et Cic, carbonic acid 
machine, 151 

Estlionian tribe, use of artificial cold by, 
21 

Estimate of refrigeration required in 
breweries, 437 

Ether, advantages of, as an agent in hot 
climates, 44 ^ 

— composition of, 117 

— compression machines, 34-44, 117-120 

— experiments with, by Dr Cullen, 34 

— machine at brewery, first, 439 
-cost of working, 582, 583 

— methylic, distilling machine, 40 

— objections to the use of, as a refriger¬ 

ating agent, 44 

— properties of, 117 

Evaporating coil 1>end, 265-267 
Evaporative surface condensers, 1^7*164 
Evaporator, care of, 517 t 

Evaporators, vS7, 91, 135, 155 

Even distribution of work of compressor, 
arrangement for, 105 
Ewmg, Professor, on cascade or successive 
cycle system, 589, 590 

— on regenerative method, 592 
Exchanger, heat, Economiser 
Exhaust steam, apparatus for making 

distilled water from, 510 
Exhibition, Paris, carbonic acid com¬ 
pressor in brewery section, 151 
Expansion, direct^ economy of, 275* 

— of gases, laws of, 42 

— sideof ainmoniaconipressioflmachinea^ 

52 . * 

— system, the, 275-279 

— valve for methylic ether machine, 42 

— valves and cooks, adjustment of, 53 

-various, 2^-252 

Experiments by Dr Cullen with ether, 34 

— on the transmission of heat, 344, 345 

— with cold-air machines, 244 

— with non-conducting substances, 330- 

346 ■ 

Express Dairy, milk-cooling installation 
at, 425-428 

External carcass hoist, 376-378 
Extreme limits of smtoe per foot of piping, 
281 



INDEX. 


6<S 


F actories, artificial Imttor, 461*4fi4 
— bacon, 305, 300 
— ice; 51^-529 
— sugar, 464, 465 
— tea, 464 

Fahi'enheitjthemiometrioal scale, sero on, 
12 

Fans or blowers foi’ cooling atnioapherie 
condensers, 161 

— use of, for circulating air in cold 
stores, 319-32S 

Faraday, Professor, experiments in li(|iK'- 
• faction of gases, 5S8 
Feathering agitators, 488 
Features, chief, to be h)oke«l for in water¬ 
cooling tower, 170 

Fermenting rooms, cooling of, 440-450, 
464 

‘'Film evaporation, 513 
Firms directly interusteil in refrigeration, 
number of, 7 

First cargo of apples from Melbourne, 0 
— class ether machine, results obtained 
with, 4Ji 

— compression machine, 34 
— law of thermo dynamics, 8 
Fish, cold storage of, 383-385 
- - freezing, ciilnc feet of space per 
rniuiing ftait of 2-.ij. piping, 281 
Fixaj;y ammonia compressor, 83, 84 
— air coolers, 303 

V F-inge unions or connections, 264, 265 
Flash valve, >S’ee Expansion valve 
Flasks of COg, warming wlim cliarging 
machine from, 554 
Flasks, vacuum, for liquid air, 591 
Flat^ktes for air-cooling b'ltten'es, 292, 

Flines les Raehes, use of refrigeiation fo* 
sinking shafts at, 475 
I looring for cold stores, 355, 356 

-j ice houses, 356 

Floors of cold stores,* radiation ol lieal 
• throwh, 288 
Fluorine, liquefaction of, 592 
Fontaine. See Molfet, Fontaine, et Cio 
Fontinette canal lift, use of refrigeration 
in construction of, 476 
Forbidden fruit, cold storage of, 388 
Forced air circulation, 319-328 
Fpreooolers. iS'ee Supplementary con¬ 
densers •' 

Formula for ascertaining amount of air 
delivered^by cold-air machine, 245 

-calculating amount of cooling 

water for submerged condensers, 
166, 157 

-— dimensions of submerged con¬ 
densers, 155, 156 


Foundations, application of refrigeration 
to the construction of, 473 
France, simple method of making* ice, 
used in, 26 

— use of cork in, as a non-conductor, 

329 

Freezing chamber's, amount of refrigerat¬ 
ing pipes necesaaiy for, 280 

— fish, method of, 383, 384 
" mixtures, table of, 24 

— or choking up of compression system, 

557, 558 

— times for different temperatures and 

thicknosscB of can ice, 491 

— water slowly, at comparatively high 

temperatures, 485 

French absorption machine, 193, 209 

— Iirewery section of Paris Exhibition, 

carbonic acid compressor at, 151 
Fresh provisions, trade in, 1-7 
Frick ammonia compression machine, 
66-71 

— Co , apparatus for making distilled 

V ater, 510 

-arrangement for cooling brewery 

fermenting rooms, 451 

-Baudolot cooling apparatus, 446, 

447 

-brine strainer, 491 

-can ice-making box, 488 

-cost of operating ice factories, 

586 


-ice-can hoist, 525 

-pattern of suction valve, 260 

-plans for ice factories, 620 

— — plans for insulation, 365 * 

-stop-valves, 254 

-truck in can hoist, 525 

— pipe joints, 265-268 

Frigorific mixtures, general law govern¬ 
ing production of cold by, 23 

— — observations on, 23 

- See also Freezing mixtures 

Frozen beef, imports of, from New South 

Wales, 3 

-imports of, from New Zealand, 3 

— carcasses, imports of, 2-4 

— cream, trade in, 6 

— meat, trade in, 2 

— mutton, hanging of, before cooking, * 


Fruit cargo, proper stowage of, 418, 419 
— trees, regulation of, by i^frigeration, 
472 


Fruits, cold storage of, 388-390, 410, 419 
Fry, J. 8., use of cold air for chocolate- 
cooling by, 440 

Function of refr^emting and ioe-making 
apparatus, main, 19 
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Fungus or mould, germs of, in atmos- 
• pherio air, 313 

FuAmoes, blast, use of refrigeration in, 
466-469 

Furniture, upholstered, preservation of, 
by refrigeration, 472 
Furs, preservation of, ,by refrigeration, 
391, 472, 473 


Gravity air circulation in ooia rooms or 
chambers, 314*319 • 

— apparatus for lowering carcasses, 380 
Greatest theoretical efficiency of a re¬ 
frigerating machine, 17 
Great Southern and Western Railway, 
Ireland, refrigerator car, 367 
Green vegetables, cold storage of, 390 


G ale, Arthur Robert, paper 

on refrigerating machine, 241-243 
Gas, ammonia, difficulties of dealing 
with, 60 

— compressor, most important part of 
compression apparatus, 50, 67 
— for balloons, use of refrigeration for 
purification of, 472 

— motor, advantages of, for driving 
small refrigerating machines, 307, 
308 

Gases, Charles’ law of expansion of, 12 
— laws of, 13*14 
■— liquefaction of, 588-601 
— Lussac’s law of expansion of, 12 
Gasoline, use of, as a refrigerating agent, 
44 


Gasworks breeze, use of, for insulating 
purposes, 329 

Jay, C. M., arrangement for circulating 
air, 318 

Jeneral law governing production of cold 
by frigorific mixtures, 23 

Jenerator for absorption machine, 171, 

’ 174, 186,193, 204, 209, 210 

Jermany, use of cork in, as a non¬ 
conductor, 329 

Jerms of fungus or mould in atmospheric 
air, 313 

Ji&rd cold-air machine, 216, 222-224, 
244 

jliU, pipe, 268, 269 

Jlana of carbonic acid machine, to pack, 
566 


Jlobe expansion valve? 247 
Jobert method of using refrigeration for 
constructional work, 477-483 
iJodell, Henry Carr, use of lampblack as 
an insulating material, 330 
Jorpian (mprovements in absorption 
machines, 193 

3orrie, cold air machine, 214 
jlothenbarg, mflk shipped to London 
from, 6 

Jottbrec^t, I)r, experiments on pro¬ 
perties of amntonia, 276 

cold storage of, 383, 389, 394 

4 feraoeim 6 


H arrier, experiments in lique¬ 
faction of gases, 588 

Hainault coalfield, refrigeration for shaft- 
sinking at, 475 

Hair-felt, use of, for insulating purposes, 
329 

Hall, cold-air machines, 233,234,292,293 
— J. & E., Ltd., carbonic acid com¬ 
pression machines, 131-141 

-cold-air machines, marine types, 

415, 416 

-duplex horizontal carbonic acid 

compressor, 139-141 

-marine types of oarbonio acid 

machines, 397-401 

— plan for chilling and freezing on wall 
system, 294, ^5 

-small vertical self-contained car¬ 
bonic acid machine, 132-138 « 

-single-cylinder double-acting hori¬ 
zontal carbonic acid compressor, 138 

-steamers fitted with refrigerating 

machinery for the butter trade, 6 

-to change and w’ork carbonic acid 

machine of, 554-556 
— system for cooling milk, 425-428 
Hampson, production of liquid air by, 
693, 695-599 

Hanbury. See Truman, Hanbury, & Oo. 
Handling ice, 536, 537 
Hand-power ice-making machine, 33 
Hargreaves and Inglis cold-air machine, 
224 

— See oho Hick Hargreaves . ^ 

Harrison ether machine^ 2, 38-40 
— _ — erected at‘brewery, first, 439 

-in paraffin works, 439 

— James, ether compression machine, 38 

-improved vacuum apparatus, 29-31 

— vacuum machine, cost of making ice 
with, 684 

— See aUo Twining and Harrison 
Haslam air agitation ice plant, 502 
— ammonia valvM, 256 * 

— atmospheric or open-air' evaporative 
surface condenser, 160 
— beef chilling room fitted with patent 
brine-cooling batteries, 301-303 
— blast furnace installation, 466-469 
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Saslam brine concentrator, 534 

— carbonio*acid compreseora, 149-161 

— cold-air machines, 225-i^, *244, 415 

— -at Ijondon and St Katherine 

Dock, 272-274 

— -fer marine work, 415 

— cold storage chamber, small, 306-308 

— distilling apparatus, M2 

— formula for ascertaining amount of 

air delivered by cold-air machine, 
245 

— Foundry and Engineering Co., Lid., 

♦ marine typos of ammonia com¬ 
pressors, 97, 404-407 

— open water cooler, 168 

— Sir Alfred Seale, apparatus for cooling 

air, 294, 295, 420, 421 

— — improvements in ammonia com- 
*' prcssors, 93-97 

— water-cooling tower, 173 
Head, safety compression, 66-79 
Healthy working of ammonia macliine, 

signs of, 541 

Heat and temperature, distinct meanings 
of, 10 

— oaleulations marb in respect of, 11-19 

— conducting power of various sub¬ 

stances, slate being 1,000, 342 

— definitions of, 8-10 

— discovery of, 8 

— ex^anger. Sef. Temperature ex¬ 

changer 

— generated by compression, misleading 

nature of phrase, IG 

— latent, 10, 11 

— mechanical equivalent of, 11, 18 

— pump, refrigerating, macl)‘ne, a, 19 

— sensible, 10 

— specific, 10 

-and composition of victuals, 383 

“Heating by Hot Water,” experiments 
r^rding heat-oondnetingproporties 
of various substande'-., 341 
Hendrick’s'oondenser, 165-168 
Henry Vogt Maohiqe Co., absorption 
machine, 196, 197 

Hercules discharge and suction valve, 259 

— loe-making and Refrigerating Ma¬ 

chinery Oo., ammonia compressor, 
106-108 

Hick Hargi*eaves, cold-air machine, 224, 
‘225 

Hiokmann, Ltd., refrigerating installa¬ 
tion, 406-,469 

Hill, F. B., arrangement of cold store or 
ohamlwr, 290-292 

_arrangement for removing snow or 

hoar frost from refrigerating sur¬ 
faces, 292 


Hill and Gorman, improvements in ab¬ 
sorption machines, 193 • 

— and Sinclair, improvements in absorp¬ 

tion machines, 193 

— Frederick Barker, improvements in 

absorption machines, 193, 194-190 

— method of making clear or crystal ice, 

499-502 

History of trade in frozen meat, 2, 3 

— of fresh provision, 1 -7 

Hoar frost, removal of, from refrigerating 
surfaces, 292 

Hoisting and convoying machinery, 372- 
380 

Hoists. See Elevators or Hoists 
Holden system of ice-making, 607, 508 
Holds oi vessels, cooling of, 473 
Hollow or aerai-cylindrioal diwr for cold 
storage chamber, 310-312 
H(»pkin8on, Dr, on coat of making ice 
with V’'indhausen machine, 583, 584 

— description of Windhausen machine, 

27-^9 

Hops, uold storage for preaeiwation of, 
456 

Horizontal duplex marine type carbonic 
acid machines, 398-401 
- pipe, mercury w'ell for, 563 
Hospitals, cooling of atmosphere of, in 
warm climates, 472 

Hot beer wort, refrigeration of, 444-446 

— climates, simple methods of pro¬ 

ducing cold in, 25 

Hotel, arrangement of refrigerating plant 
in, 309-312 

Houses, ice, ceilings for, 356, 357 

-floorings for, 356 

Houssu coalfields, use of refrigeration for 
ainkiiiL' shafts at, 475, 476 
Hiibuer. 6'ee Wegelin and Hubner 
Humboldt, ammonia compressor, 83 

— sulphurous anhydride compressor, 129 

— caroonic acid compressor, 149 

— meat-cooling plant, 303 

— milk-oooling arrangement, 428 
Humidity, correct relative, for a given 

temperature in egg rooms, 387, 388 
Hydrants, advisability for provision of, 
in ice faoto^, 530 
Hygrometers, 671 


I CE and Cold Machine Co., absorption 
machine, 197, 198 

— and refrigeration, arricles on oiroula- 
tion of air in cold storage chambers, 
313-328 

apparatus for manufacture of, 62 
— can hoist for small plants, 625 
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Ice cans or moulds, 27 

— crushing or breaking machinery, 537, 

638 

— cube, 530 

— dump, automatic, 62r)-527 

— effect of a coating of, on expansiiin 

E , 660 * 

ing and conveying machinery, 
620-629 

— factories, 518-629 

-advisability for provision of 

hydrants in, 630 

-approximate ccjstof operating, 68() 

— houses, ceilings for, 356, 367 

-flooring for, 366 

— making, 484-538 

-cost of, 679-687 

-in breweries, 467, 468 

-machine, American, 22 

— — maohines, management of, 539-678 

-testing of, 662-56(5 

-or congealing tanks, marine, 416, 

417, 418^ 419 

-vacuum system of ice-making, 617, 

518 

-various methods of, 485 

— packing, 535-537 
— properties of, 484 
— stores, refrigeration of, 636 

-ventilation of, 535 

— tanks and refrigerator combined, 
Pictet’s, 45 

— M'ater. See Attemperating 
Ideal Refrigerating and Manufacturing 
' Co., ammonia compressor, 106 
Illinois Central Railway, refrigerator 
car on, 368-370 

Imitation of natural system of ice-making, 
518 

Ipiperfections of first absorption ma¬ 
chines, 174, 175 , 

Important part of ammonia machine, 
most, 60-66 
Imports of butter, 6 . 

— of cheese, 6 
— of chilled beef, 3, 6 
— of frozen carcasses, 3, 4 
Improved Carr6 hand-power ice machine, 
32 

Improviitg air circulation, means for, 
327,328 

Inclosed types of ammonia compressors, 
73-77, 87, 114-116 

Increase the effective surface of cooling 
pipes, to, 288, 2(^ 

Incrustation on condenser coils, 560-6^ 
India Books, London and, 274 
— simple method of making ice in, 25 
— West, Docks, lifts at, 378 


India-rubber packings for ammonia com¬ 
pressors, 553, 554 

— works, use of refrigerating*raaohmery 

in, 472 

Indicator diagiuras, 63-66, 71, 237, 238, 
566-569. See tt/«o Diagrams 
Industrial applications, 439-483 
Inflation of Wlloons, use of refrigeration 
for purification of gas for, 472 
Inglia. Sec Hargreaves and Inglis 
Injections of sealing aud lubricating oil 
into compressor cylinder, 53 
Inlet vah'es, 256-260 • 

Inspection of cold storage space on board 
ship, 417 

Instructions to surveyors re carl>pnic acid 
machines, Board of Trade, 397 
Insulating structures, transmission ^ 
heat through various, 340 
Insulation, 329-371 

— - door, 357-361 

— i>f marine installations, 409, 411, 412 

— methods of, used in U.S., 366 

— tank, 360-364 

— window, 360 

Interlaced type of condenser, 160 
Iiitenial arrangement of cold stores, 285 
Interpretation of compressor diagrams, 
566-569 

Introduction, 1-7 « 

Inventions for refrigerating and ice- 
making, various, 20 

Iron, ammonia no chemical action on, 
276, 277 

— ceilings, cellars with, 306 


J ACOBUS, Professor, latent heat of 
air, 599 

Jamaica, transport of bananas from, 3 
Jamieson, Professor Andrew, experi¬ 
ments by, on conductivity pf sub¬ 
stances, 332,* 336, 334 
Jib, crane, long, for raising carcasses fr(»n 
barges, 378 

Johnson and Whitelaw’s absorption ma¬ 
chine, 209 

Joints, breaking of, in ammonia maohines, 
651, 562 

— pipe, and unions, 260-268 
Joint socket bend, soldered, 265 
Jones, Walter, experiments regarding 
non-eonduotingpro]^rtie8 (ff various 
substances, 341 « 

Joule on production of very low tempera¬ 
tures, 594 

Joule’s mechanical equivalent of heat, 
Juice, precautions to prevent loss, of, from 
frozen mutton, ‘ " 
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K EIjVIN , on production ni very low 
tonipe'VatureB, 594 

Kieselguhr, result of tests as to conduc¬ 
tivities of, 333, 334, 335 
— use of, as an iusulating material, 329, 
330 • 

Kilbourn ammonia compressor, inclosed 
. type, 87-H9 
— cream cooler, 425 
— improved type of ammonia eompres- 
sion machine in dairy, 425 
- marine ice-niaking or congealing 
• tank, 418, 419 

-type of ammonia compression 

machine, 497-409 

— M. J. K., inventor of iinpriivcments 
in refrigerating machinery, 88 
-fT P*P^- joints, 262-2^14 
— stop-cock, 253 

Kingdom, United, cold stores in, 7 
Kingsfonl, impi’ovements in vacuum 
machines, 26 

Kirk, Alexander, coM-air machine, 215 
— Dr A. C., application of ether 
machine to extraction of parathn 
from shale, oil, 419 
Klein oil separator or collector, 509 
— water-cooling Uiwer. 170 
“Knight’s Dictionary, description of 
Vjkii der Weydo’s macliiiie, 44 
Koch method of using refrigeration for 
eonstructional work, 477 
Kroeschell Bros. Ice-Making Co., car¬ 
bonic acid compressor, 144-149 

-horizontal rielt-driven carbonic 

acid compression machine, 147-149 
-i*ope-driven carbooi acid com¬ 
pressor, 140 

-vertical belt-driven carbonic mad 

compression machine, 147-149 


L ager .lieer fermenting rooms and 
store cellars^ cooling of, 450 
Ia Hire's epicycloidal device, 224 
Lampblack, use of. for insulating pur¬ 
poses, 330 

Lana installations. Linde machine 
especially desigm'^d for, 80 
Ijang6’8 improved pump for vacuum 
machine, 29 
Latent heat, 10^ 11 
— heat, discovery of, 10 

-of ammonia, 48 

Laundries, use of refrigeration ice, 472 
Lauren'son, metbixl of making ice, 
Lavoisier ice calorimeter, t^ts of con¬ 
ductivity with, 336 


Ijaw, general, governing production o\ 
cold by frigorific mixtures, 23 ♦ 

Laws of gases, 12-14 
Lawton, Mr A. W,, process for preserving 
fruit, 389, 390 

Leakage at joints, cocks, valves, &c., in 
diiect expansion system, 276 

— of gas past piston rod, methods of 

preventing, 80, 83, 84, 94, 102, 103 

-past piston rf)d, stuffing box, and 

gland, Linde method of preventing, 
72, 73 

— iSVf' alfto Piston rod 

Leaks in ammonia apparatus, 559 

— in carbonic acid machines, 560 
Lebrun, Mr B., cooling pipe with gills or 

flanges, 269 

-inclosed type of compressor, 116 

Lenums, cold storage of, 388, 394 
Leslie, improveinonts in vacuum nia- 
(hines 26 

Lifts. See. Elevabirs or Hoists 
Lightlout cold-air machine, 230-233 

— insulation recommended by,'329 

— T. B., ammonia compressor, 91 

-cold-air machine, 230-234 

-— xige of, for chocolate cooling, 

440 

— combined refrigerating and ice-making 

tank, 507 

— —- ctnulensor, 155 

-experiments on heat conductivity 

of slag wool and cliarcoal, 342, 343 
-observations by, on frigorific mix¬ 
tures, 23 • 

-on cold-air machiiie.s, 212-214 

-on cost of working, 580, 581 

-particulars regaining ether ma¬ 
chine, 42, 43 

-results of tests vith Linde com¬ 
pression macliine, 8(f 
Lighting cold stores, 576-578 
Ligny-les-Aire, use of refrigeration for 
sinking shafts at, 476, 477 
Lime, cold storage of, 388 
Limit to ratio between diameter and 
.stroke in ammonia compressors, 55 
Linde, Carl, ammonia compressors, 79-83 

- meth(Kl of agitating water during 

freezing, 492 

— Company, water-ciKiling tower, 172, 

173 

marine t3rpe ammonia compression 
machine, 402, 403 

— prmiuction of liquid air by, 593 
Ijneal feet of I -in. piping required per 

cubic foot of cola stora^ space, 282 
Liquefaction of a solid, abstraction of 
heat by, 20 
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I.<iqitefaotion of gaBes. See Production 
• of very low temperatures 

— process, the, 20*^ 

— use of, by the ancients for refriger¬ 

ating purposes, 21 
Liquefactor. See Condenser 
Liquefied agent, arrangement for remov¬ 
ing, from condenser, 159, 160 
Liquefier. See Condenser 
Liquid air, cooling van by means of, 371 
- See Production of very low tem¬ 
peratures 

Liquor ammonia, strength of, 49 
Live cattle, cooling holds of vessels for, 
473 

Lobrist, John, refrigerator car designed 
by, 370, 371 

London and India Docks Co., refriger- 
atii^ installation at, 274 

— and Tilbury Lighterage Co., refriger¬ 

ated barges, 421 

Long-distance thermometers, 573, 574 
Loose tools re(|uire(l in an ice factory, 529 
Lorenz, Hans' interpretation of com¬ 
pressor diagrams, 566-569 
carbonic acid machine, 46 
'Low^ressure refrigerating agents. Xee 
Ether, Methyl chloride, sulphurous 
acid 

Liow, Professor D. A., construction of 
chart applicable to any value of 
14-16 

Low temperatures, production of, 588- 
001 

•Lubrication of refrigerating machinery, 
558, 559 

qualities of ammonia, 552 
“Lucania,” refrigeration of cargo holds 
of. 409-411 

— — of provision stores of, 411-413 
Lugo and M'Pherson, cold-air macldne, 

224 

— See of so Tuttle and Lugo 

Lussac’s law of expansipn of gases, 12,13 
Lyon’s improved absorption machine, 
200-203 


M acdonald, Mr O. a., ammonia 
confessor designed by, 106-108 
Mach, Dr Ernest, on heat, 9 
Maohines, absoiption, 20 
— ammonia compre»ion, 51-116 
— carbonic aoid*compression, 45-49 
capacity of, required for refrigeration 
of cold storage oharober, 286-289 
— opld-air, 20, 211-245,415-417 
— etiier compression, 87-^, 117-120 
' — Uque&ctioQ process, 21, ^ 


Machines, methyl chloride compression, 
120 • . 

— sulphurous acid compression, 120- 

129 

Mackay and Christiansen, improvements 
in absorption machines* 175, 184, 
185 

— Frederick Noel, arrangement for coql- 

ing cold storage rooms or chambers, 
292 

-improvements in absorption 

machines, 184, 185 

M‘Phor80n. See Lugo * 

M‘Eae, Mr J,, rotary chocolate cooler, 
443, 444 

Main function of refrigerating and ice- 
making apparatus, 19 
-- items of expense in working, 579 ^ 

Management and testing of refrigerating 
machinery, 530, 539-578 

— cold-air machines, proper, 562 
Manufacture of chloride of calcium and 

salt solutions, 532-534 
Manufacturing industrial and construo- 
tional applications, 439-483 
Maquet gilleci piping, 

Marcet, Alex., rate of {m^Baage of heat 
through various materials, 329 
Marchant cold-air machine, 215 • 

Marine refrigeration, 396-421 • 

Mariotte’s law, 18 

Martindale, Colonel B. H., on refriger¬ 
ating chambers at Bt Katherine’s 
Docks, 272 

Marvin hygrometer, 672 
Mash tuns refrigerated, 445, 446 
“ Mataura,” cargo of frozen meat in, 2 
Matthews, F. F., amount of refrigeration 
required, 381-383 

-con ice, time required for freezing, 

491, 492 

-modern a^rption machine, 205- 

209 

-plate or wall system, 495 • 

Maurs^ experiments oh transmission of 
heat, ki, 345 
Maxwell, absolute zero, 12 

— definition of heat, 9, 10 

Means for imtn^ving air circulation,^16- 
319 

— increasing cooling surface of pqMS, 

268, 269, 292 

— preventing leakage at compressor 

piston rra, 80, 83,84, 94,102,103 
Meat-carrying chamber on board ^*Gara- 
pania^’ and Luoania,” 409-411 
Meat, cold storage of, 363 

— frozen, history of trade in, 2 . 

~ cooling plant, abattoir, Kiga^303 



INDEX. 


621 


Meat, trade in frozen, 2 
Meats and iish, freezing and storing of, 
883--38^ 

Mechanioal equivalent of heat, 11,18 

— or forced air circulation, 3I9-.S28 

— refrigen^ion, theory and practice of, 

8-20 ... 
_work demanded of a machine tor, 

Mediums, refrigerating. 8ee Agents 
Melbourne, first cargo of apples from, 6 
Mercury well for horizontal pipe, 563 

— f- for vertical pipe, 663, 5B4 
Method for preventing leakage of gas 

past compressor piston-rod, 80, 83, 
84, 94, 102, 103 

— of testing capacity of lefrigerating 

machine, 502-560 

Jiethods of ice-making, various, 485-508 

— of piping that hinder circulation, 313- 

316 

Methyl chloride, advantages of, as a re¬ 
frigerating agent, 120 

-composition of, 1-20 

-compression machines, 120 

-disaavantages of, as a refrigerating 

agent, 120 

-properties of, 120 

Methylic ether compression machine, 40- 
42' 

_impression machine, expansion 

valve tor, 42 

_distilling apparatus, 40 

Meyer steam engine for driving ammonia 
compressor, 114 

Mica, use of, as an insulating material, 
329 367 

Mild-cured bacon, use of reuigerating 
machinery for production of, -306 
Milk, refrigeration of, 386, 422-438 

— shippedfromGothenburgto London.6 

— trade in frozen, 6 

Mirrlels, Watson,& Ya»} an Co., dial illing 
apparatus, 614-617 

Miscellaneeus arzangements for^ making 
clear or crystal rite by agitation, 499- 
507 

Mixer for making brine, 632, 533 
.. Mixtures, freezing, principalr2_4 

_frigorific, observations on, 23 

Modern physicists on heat, 9 

— ty|ea of Boyle ammonia oompi ossors, 

Mm Scieiiti/iyue tt Indmtriel. See 
Maurs ■ . . .. I 

Moiasau, experiments by, in hqiietaotion 

of gases, 692 . ... t Ain 

Moisture in sir, determination of, 470- 

4’Z» 


Moisture properties of absorbing gases, 
313 * 

Molesworth, heat-conducting power* of 
various substances, 342 

Mollet, Fontaine, et Cie, carbonic acid 
compressor, 151 

Morgues, refrigeration in, s391 

Mort, iniprovemehts in absorption ma¬ 
chines, 175, 181 

— temperature exchanger, 181 

— See nleo Nicolli and Mort 

Morton, Professor Henry, on 

obtainable by expansion of liquid 
air, 599-601 

Mortuaries. *See Morgues 

Mouge, experiments by, in liquefaction 
of gases, 588 

Mould, germs of, in atmospheric air, 313 

Moulds, cold slabs or tables for, 193, 194 

— or cans, ice, 27 

Multiple effect distilling apparatus, 51U- 
517 

Mutton, frozen, hanging liefore cooking, 
286 

-- hoist, electrically-driven, 3<o 


N AIRNE vacuum machine, 26 

Nalder Brothers & Thompson, 
Ltd., telethermometer, 576, 676 
Naphtha, use of, as a refrigerating agent, 
44 

Natteur, experiments in the hquetaction 
of gases, 588 . . 

NaMiraT Bvstem of ice-making, imitatiotf 


Ol, ... . . 

Neff, Mr Peter, on ratio of diameter to 
stroke in ammonia compressors, 56 
Nelson’s c«>Id storage wharf, external 
f^arcass hoists at, 376 378 
Nessler’s reagent, 559 
Nouliecker ammonia compressor, 86 
“Neuere Kuehlmasohinen,” 

tion of compressor'diagrams, 566-669 
New ^uth Wales, imports of butter 

from, 6 A. t n 

_ _ _ imports of frozen meat from, 2 

— Zealand, imports of frozeu beef from, 2 

_Shipping Co,, refrigerating iiatal- 

lation, 407 

_use of pumice stone us an insulat¬ 
ing material in, 329 . 

Niagara HaU, artificial ice skating rmk 
at, 473 , . 

Nicolli and Mort’s improvements in ab¬ 

sorption machines, 210 
Nishigawa improvements in absm^ion 
machines, 193 
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Non-oonduoting materials, experiments 
. un transmissiuii of heat through, ^44, 
• 345 

Non-conduetive values of different ina- 
teriak, results of tests as to, 337, 
,338 

Ni>n-heat-conduetingproperties of various 
substanuea, 337, 34() 

“ Nonpareil,” first cargo of West Indian 
fruit in, 3 

Northmore, experiments l^y, in the lique¬ 
faction of gases, 588 

Number of cubic feet covered by 1 ft. 
of 1-in. iron pipe, 282 

— of cubic feet covered by I ton re* 

frigerating capacity, 283 

— of nrma directly interested in re¬ 

frigeration, 7 

— of vessels fitted with refrigerating 

machinery, 7 


O BsTECTIONAHLE teatnr».‘S oi can 
8 y8te.\i of iec-inaking, 4HH-41K) 
Obiections tonho cold-air machine, 242, 
243 

— double pipe condensers. 165 
— to the use of ether as a refrigiTating 
agent, 43, 44 

Observations on frigorific mixtures, 23 
“ Oceana,” first cargo <»f apples in, 3 
Oil for lubiioating amiuoaia maclnnes, 
542 

— injection of sealing and lubricating 
into compressor cylinder, 53, 56-66 
*— presence oi, in ammonia system, 542 
— separators or collectors, 76, 509, 510, 
644-549 

Olszewski, experiments by, in liquefaction 
of gases, 591 

Onions, cold storage of, 390, 391, 394 
Onnes, expeiimeiits by, in liquefHCti(Wi 
gases, 592 

Opaque ice, reasons tor, 484, 485 
Open-air condeuserR. *S'ee Atmospheric 
condensers 

Opening up ammonia machines, ueccBsary 
precautions, 52 

-carbonic acid machines, necessary 

precautions, 556 

Open ti'uugh system of cooling, 302, 303 
— water cooler, 168 
Operation of absorption machine, 178, 
179, 206-209 

— of Frick safety compression head, 
68-70 

Operations, cycle of, in ammonia com¬ 
pression machines, 52 
Oranges, cold storage of, 388, 394 


Ordinary form of atmospheric condenser, 
158 

-of cream cooler, 430 

Ordway, Professor John M., experiihents 
by, on non-conducting coverings, 304 
-experiments regarding non-heat¬ 
conducting properties of various 
substances, 340 

“ Orient," fjargo of frozen meat in, 2 
Origin of artificial refrigeration, 1 
Orosius oil prcKluction of cold by Estho- 
Ilian ti'ilie, 21 

Oscillating lee-making tank or box, ^34 
Oxydising of tea, regulation of, by re¬ 
frigeration, 464 


P ACIFKJ Coast,salmon-ireczing worSfc 
on, :m 

Packing (carcasses in cold rooms or 
chambers, 271, 286 

— house, cubic feet of spice per running 
loot ot piping, 281 
— iec, 535-537 

Packings, compressor piston-rod, 552- 
554 

— in ammonia eompivssor slutting boxes, 
to drn c home, 554 

I’amely, Galeli, <ui Oobert niefhixl of 
congelation for eonstructionaFwork, 
477-483 

Paper or cloth, liard pressed asbestos, 
value of, as an insulating material, 
335 

— use of, for insulating pui’poses, 331 
“ Para,” accident on IxMrd, 390 
Paratfin oil works, refrigeration in, 459- 
461 

— solid, cxlraction of, from shale oil by 
refrigeration, 459-461 
Paris Exhibition, carlnmic acid com¬ 
pressor at bi^wcry section, 151 
hirsnips, cold stoi-a^e of, 391, 

Partially submerged ,pump- or pislBn 
agitator, 358, B59 

I'artieulars regai'ding ether machine, 
42-44 

Partitions, divisional, for cold stpres,* 
353, 354 

Parts, main, required in all compression 
machines, 37 * 

— re(|uired in ammonia compression 
niachjnus, 51 • 

Pasteurisation of milk in dairies, 431 
Pastry, cold slabs or tables for the manu¬ 
facture of, 193, 194 

Patent system of preventing leakage at 
ammonia stumng boxes, 554* ^ 
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Peaohes, cold storage of, 389, 395 

— trade in„6 

Pears, cold storage of, 388, 395 

— trade in, 8 

Peninsular atid Oriental Co. ’s cold storage 
chamb^, 418 

Periodical publications dealing wliolly or 
partly vdth refrigeration, 604 
Perkins’, Jacob, first compression ma¬ 
chine, 34, 35 

Photographic accessories, use of refrigei'a- 
tion in manufacture of, 471 
Physical constants of liquefied gases, 59H 
Physicists, modern, on heat, 9 
I'icteau fluid, 34 

Pictet ammonia compressors, 91, 92 

— experiments by, in the liquefaction 

(U gases, 588, 591 

> Racml, experiments by, on radiation 
at low temiJeratures, 331, 332 

-lieat units transmiiUd per square 

foot per hour, 330, 331 

-sulphur dioxide, or sulpliurous 

acid machine, 44, 45 
Pictet’s improvements in absorption 
machines, 210 

Pictet. *SVe aim Telb or and Pidet 
Vieper, Mr, on amount of water used by 
Windhauseu machiiH'. 504 
Pipe joints and unions, 280-289 
Pipe-Wt, or coil-room, system of air 
circulation, 318, 319 

— means for increasing cooling surface 

of, 288, 289 

— See aim Cording pipes 
Piping for cold stores, 280-284 

— methods of, that hinder air circula¬ 

tion, 313-318 

— breweries, 458, 457 

Piston or pump agitators for making 
clear or crystal ice, 504-507 

— rod, means for preventing leakage at, 

8(?, 83,84,94, 102, !03 

-packjngs, coAipres.>ui', 552-554 

tttch, use of, for viRulating purposes, 330 
Plant growth, regulation of, by refrigera¬ 
tion, 472 

Plate, heat-.units transmitted through, 
square foot per hour, 33t 
1- or wall system of ice-making, 486, 
493-496 

— •system of making clear or erv-' al ice, 

485-608 

Poetsch procesB for sinking shafts by 
refrigeration, 475-477 
Points to be looked for in a ^vater-cool- 
ing tower, 170 

Pontifex expansion or regulating valve, 

249 


Pontifex gas-tight joint, 260, 261 

— K. L., improvements in absorptioq 

machines, 175, 186-198 » 

Pontifex-Wood absorption machine, cost 
ot making ice with, 580 

-use of, in artificial butter 

works, 481-464 

-absorption * machine, use of, in 

brewery, 451-455 
-- working of, 499, 500 

— brine refrigerator, 445 

— can ice-making tank or box, 487, 488 
~ ice-making tank or box on wall or 

plate system, 493, 494 

— improvements in absorption machines, 

175. 188-193 

— pyramid ice-making box, 487 

— stationary cell system of ice-niaking, 

497-499 

1‘oi-table (Ustillmg apparatus, 516, 517 
Postle cold-air machine, 215, 216 
Tower ubtahiablc by expansion of 1 lb. 

i f linuifl air, 599-601 
Practice. limit in, ladween ratio of 
diameter and stroke in ammonia 
compressors, 55 

— theory ami, ot mechanical refrigera¬ 

tion, 8-20 

i'.ccautious when opening up compres¬ 
sion machines, necessary, 52, 555 
Preservation of dead bodies by refrigera¬ 
tion, 391 

— of furs and various fabrics by re¬ 

frigeration, 472-473 

— of meat by refrigeration, 270-272 

Pressure, absolute, 11, 12 • 

— and boiling point of liquids available 

for use in refrigerating machines, 
48,117, 120 

— back, loss of efficiency in ammonia 

compressors from, 58 
Principal freezing mixtures, table of, 
24 

Principle of the absorption machine, 174, 
205-209 

Principles involved in process of refrigera¬ 
tion, simplicity of, 19 

— of operation of ammonia compressor, 

51, 52 

Process, absorption, the, 201 

— compression, the, 18, 20, 34-151 

— liquefaction, the, 20, 21-24 

— vacuum, 20, 25-55 

Production of cold by frigorific mixtures, 

f neral law of, 23 

ery low temperatures, 588-601 
Progress, history of trade in fresh pro- 
•visions, 1-7 

Propeller for brine agitation, 490, 491 
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Proper management of cold-air rnachinee, 

. 562 

— tnethods of storing, and temperatures 

for cold storage, 381-391 
Properties of ammonia, 48 

— carbonic acid, 129 

— ether, 117 

— methyl chloride, 12d 

— sulphurous acid, 120 
“Protos,” cargo of frozen meat in, 2 
Provisional specification of Br William 

Hampson, 595 

Provision stores or chambers on board 
S.S. “Campania” and “ Lucama,” 
4U-413 

— trade, fresh, 1, 2 
Psychrometers, 571 

Publications, periodicals, dealing wholly 
or partly with refrigeration, 602-604 
Public ouildings, cooling atmosphere of, 
in warm climates, 472 

— morgues or mortuaries, 391 
Pnlsometer Engineering Co., Ltd., am¬ 
monia compreaiors, 85-87 

-cell lae-making tank or box, 

499 

-cold storage chamber, 289, 290 

-cost of working, 582 

-hand-power ice machine, 33 

-ice delivery machines, 527 

-ice tank or box room of ic.e 

factory, 519, 520 

-ice-making box, 495, 496 

— -refrigerated barges, 421 

-refrigerated railway van, 365 

Pumice stone, use of, as an insulating 

material, 329 

Pump agitator for making clear or crystal 
ice, 604-507 

— for clearing absorber, 188 

—“ for vacuum machine, improved, 29 
PbpUtt agitators for ice-can box, 488 i 
—• ammonia compression machine in 
small store, 303, 304, 308 
and Rigg, anangement for lifting 
ice cans, 523-525 « 

— patent separator, 545, 546 
~ — regulating valve, 248, 249 

marine type of ammonia compressor, 
403 

— Samuel,*improvements in ammonia 
/•ootnpressore, 92, 93 ’ 

Fuplett's water-saving and cooling ap- 
paratuB, 168,169 

.Forinoation of ^ for infiation of 
^liooQsj use of refrigeration for, 
472 

Fancy of oarbonic acid, .to test, 129 * 

. iee-makbg box, 487 


Q ualities of ammonia, , lid>n- 
eating, 552 • 

- — principal, to be s(niighf for in 
compressor, 53, 66 

— rendering carbonic acid particularly 
suitable for use on ship-l^rd, 397 
Quality of oil to bo used tor sealing and 
lubricating purposes in ammonia, 
compressors, 67 

Queensland, imports of frozen beef from, 
3 

Quiri & Co., atmospheric condensers, 161 
-sulphur dioxide compression ma¬ 
chines, 123, 124 


R abbits, trade in frozen, 3 

Radiation of heat through walls (P 
cold storage chambers, &c., 287 
289 

Railway vans, refrigerated, 365-371 
Ransorae and Rapier absorption machine, 
198-200 

Raoul Pictet Co., sulphurous acid ma¬ 
chine, 129 

-sulphur dioxide or sulphurous 

acid macnine, 44, 45 

Rapid liquefaction of a solid, abstjjaction 
of heat by, 20 

Ratio l>etween diameter and strdke of 
ammonia compressor, 54, 56 
Rau's atmospheric condenser, 161 
Reaumur’s thermometrical scale, zero on, 
12 

Reciprocating agitators for making clear 
or crysW ice, 487-499 
Retl currants, cold storage of, 389 . 

Reece, Rees, improvements in absorption 
machines, 176, 179-181 
Refineries, sugar, refrigeration in, ^4, 
465 ^ 

Refrigerated railway.yans, 366-371 
Refrigerating apparatus, amount 
water requirwi by, 570 
— capacities, table *of, 284 
— capacity in B.T.U. required per cubio 
foot of storage, 283 

— coils, defrosting, 560, 561 ; . 

— machine a heat pump, 19 

-greatest theoretical ©fiBoiency of, 

17 

— machinery, classification of, 20 

-lubriijataOn of, 668,«569 

-testing of, 564 -668 

Refrigeration, amount of, required in . 

cold stores, 286-289 ■. 

— and cold storage, 270-895 
— bibliography of, 802-604 
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Refrigeration by means of cold-air 
maohines, 27‘2, 274 

-’coal^ression and absorpti^in ma* 

chines, 274 

— chemical process of, 2d, 21 -24 

— in butter manufactories and dairies, 

422438 

— marine, 3iKi*421 

— mechanical, theory and practice of, 

8-20 

-working of a machine for, It), lo 

— number of firms directly intei*ested 

• in, 7 

— use of, in various industries, 439-483 
Refrigerator. See Kvaporator 
Rogealed ice machine, .V)7, TiiW 
Regenerative method of producing very 

low temperatures, 592-599 
•Registering thermometers, 574, 575 
Regularity of temperature of fruit cargo, 
necessities for, 41t). 429 
Regulating the temperature of ferment 
ing of tea by refrigeration, 494 

— valves. See Expansion valves 
Regulation oi pluiit-growtli by refrigera¬ 
tion, 472 

Relative humidit\ for a given tempera¬ 
ture in egg rooms, correct, 387, 388 

— - of air per cent. 572 
Rennligton Machine Co.. single-acting 

Enclosed patteni ammonia com¬ 
pressor, f)9, 109 

Results of experiments on the conduc¬ 
tivities of various Kubst.incoH, 339 

-regarding heat-conducting pro- 

pi'rties of various substances, 339, 
340 

-rogai-diiig non ■ beat - conducting 

properties of various substance^, 

, 340. 341 

• - of tests to determine the non-con- 

ductivo values of difterent mat-eriala, 
llonaldson, 35^, liJl8 

--non-oonduotive values of 

• various materials, Wallace, 338 

— of tests on the ^leat-conductivity of 

different substances, 339, 340 
Return socket l>i nd, 295, 26t» 

Revolving door for cold storage rooms, 
* 310-312 

Hhigolme, use of, as a i-efrigerating agent, 

• 43 

Rice, Mr A. L., on production of very 
low temperatures, 593, 594, 599 
Richardson,* Dr B. W., on effect of 

• ammonia on fresh meat, 276, 277 

Richj H. S,, A; Co,, work on eggs in cold 

storage, 388 

Riga^aliuttoir meat-cooling plant, 303 


Rigg, Jonathan Lucas, improvements in 
ammonia compressors, 92, 93 ^ • 

— Set Puplett and Rigg 

Rilleux, triple-effect distilling apparatus, 
510 

Rink, artificial surfaces of ice at, 473 
River Plate, in|ports of fi’ozen mutton 
and heef fiom, 3, 5 

Rocking or oscillating ice-making tank 
or box, 504 

Romans, (jooling of wine by, with salt¬ 
petre, 21 

Koscoo, Sir Henry E., on carbonic acid, 

47 

Rossi. See l)e Motay and Rossi 
Rotary agitators for making clear or 
crystal ice, 487 

Rotating discs, arrangement for cooling 
air with, 297 

~ door for cold storage rooms, 310-312 

— exhaust pump or cylinder, 30 
Rough estimate of refrigeration in 

b-eweries, 457 

“ Kw’peliu,'' refrigerating installation on 
board of, 407 

Ruddick, J. A., on dairy refrigeration, 
431-430 

Rugs, preservation of, by use of refrigera¬ 
tion, 472 

Rumford, Count, definition of heathy, 8 
Ryan, T. J., refrigerator car, 371 

S ABKOE & CO., Ltd., D., carbonic 
acid machine, 151 

-Thomas Ths., sulphurous aefti, 

machine, 129 

Sacking saturated with cold brine, cool¬ 
ing nir with, 297 

Safety devices for compressors, 71-76 
— heads for compressor cylinders, 66-74, 
105 

— valves for carbonic acid machine, 135, 
144, 146, 149 

Salmon-freezing works on Pacific Coast, 
384 

Salsify, cold storage of, 391 
Sandbach, combined cream cooler and 
heater, 430 

Ranttirio, cooling wine by mixture of snow , 
and salt, 21 

Saving of power and cooling water in 
condensers, 164, 165 
Schmidt, M. E., refrigerator car, 371 
— on Poetsch process of sinking shafts 
by refrigeration, 477 
Schmitz, Mr Constanz, method of 
• testing capacity of refrigerating 
machine, 666, 567 
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Sohoii, H. H., patent evaporator, ir»5 
Sdientific American, article on effect of 
Ammonia on fre^h meat, 27t) 

Screen or apron in front of side-wall 
piping, 316, 317 
Screw agitator. Xpc Agitator 
Screwed and soldered joints. 261-'266 
Seeley, improvements' in absorption 
machines, 193, 209 

Self-contained marine type of ammonia 
compression machine, 407, 408 
Selfe, Norman, ammonia compreasor, lOH 
Self-registering tliermometcr. Sc.e Ther- 
mograpl) 

Selling ice, 536, 537 

Semi-cylindrical <loor for cold storage 
rooms, 310-312 

Semi-steel, use of. in c-omiiressor 
cylinder, 145 

Senssenbrenner, C., ammonia absorp¬ 
tion machine, 203 
Sensible heat, 10 

Separators or collectors, oil, 76, 509, 510, 
544-549 \ 

Shafts, use of refrigeration for sinking, 
472, 474-483 

— ventilating, for cold stores, 312 
Shale oil, extraction of solid paraffin from, 

by refrigeration, 460, 401 
Shallow stationary cell sj-stem of mak¬ 
ing, clear ice, 485 

Shipley, Mr Tliomas, improvements in 
St Clair compressor, 116 
Ships’ holds, method of sterilising cold 
air for use in, 420, 421 
Siberian rivers, use of refrigeiation for 
prospecting in, 477 

Siebe, Corman, & Co., ether compression 
machine, 38-40, 43 

Siebel, Professor, amount of condensing 
eurface required in atmospheric 
condensers, 156 ' 

--on cold storage of fruits, 388 

—- —■ on dimensions of submerged con¬ 
densers, 155 

^radiation through walls, &C'., 287 
! i^iemens’ ice-making apparatus, 22 

— experiments by, in liquefaction of 

gases, 588, 592 

Uqiufaqtion process, cost of making 
* ioe by, 584 
SiHbate eot^xm. iS'ee Slag wool 
Silks, prMervation of, by means of rt^- 
^geration. 472 

^Sim^ il^thod of procuring ice, used in 
France, 25 


•— of producing ice in hot climates, 
<*28 

” absorption machine, 198-200 


Simplicity of principles involved in pro¬ 
cess of i*efrigeration, 19 * 

Sinclair improvements in ebscprption 
machines, 193, 194 * 

Single-acting compressors, advantages of, 
r>7 

-disadvantages of, 51 

-losses due to clearances in, 54, 55 

— compound marine type ammonia 

compressor, 407 

— effect, Yarvan distilling apparatus, 

510-517 

Sinking of colliery shafts, application,of 
refrigeration to, 472, 474-483 
Sizes and capacities of various ice-making 
plants, 532 

Skelp, condenser pipes made of, 161 
Skinkle, Kugene T., table of dimensions 
of atmospheric condensers, 157 
-<.d submerged condensers. 


Slul>a or table, cf>ld, for manufacture of 
chocolate, &c., 193, 194 
Slag wool, consistency for packing insu¬ 
lating spaces with, 3,30 

-use of, as an insulating material, 

329 

Small brewery, plan of refrigerating 
plant for, 458 

— cold storage chaml>er, ■uith Hrtslam 

cold-air inai'hine, .306-308 o 

-— with Ihiplett ammonia c^oni- 

pression machine, 308 

-— with Triumph ammonia 

compression machine, 308, 309 
Snow, removal of, from refrigerating 
surfaces, 292 

-marine cold storage chamber, 

417 

Soci^t6 (lenevoise de Construction, sul¬ 
phurous acid machine, 129 
Socket bent joint, 265 

-return, 265-^7 ^ 

Soda-water works, us6\»f refrigeration in, 
472 

Sodium, chloride of.* See Salt 
Soft fruits, trade in, 6 
Solid, abstraction of heat by liquefaction 
of, 20 * . 

— paraffin, extraction of, from shale'* 

oil, by refrigeration, 459-461 

— steel forging for compressor cylinders, 

144 


Solidification as a test forepurity of car¬ 
bonic acid, 129, 130 

Solway, regenerative method of produc¬ 
ing low temperatures, 593 
Soudan Campaign, use of ether machine 
during, 
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South Africa, use of ether machine in, 

120 • 

Southampton Dooka, cold stores or 
chambers at, 283, 286 
— Cold Storage Co., elevators, 375, 376 
Houthbv. ♦ *S'ee Blyth and Southby 
South Wales, New, imports of' butter 
from, 6 

-imports of fvo7.en \>eef from, 2 

Spattering of cooling water in atmos¬ 
pheric condensers, to prevent, 1511 
Specific gravity of ice, 484 
-♦ heat, 10 

-ami composition of victuals, 408 

-definition of, 10 

— — of ice, 484 

-of water, 10 

Spiral agitator for can ice-making box, 

• • 487 

Spring safety compressor heads, 05-70 
StallniaH’s ammonia compressor, 105, 
106 

Standard Butter Co., railway van 
c(X)led by liquid air, 371 
Stanley, H. F.. inipnjvemcnts in absorp¬ 
tion machines, 175, 181-184 

— refrigerator eai, designed by, 368-370 
Starr, transmission of heat through 

various insulating structures, 344 
Starfing ammonia machine. 541 
StaBonarv cell svslcm of ice making, 
400-499 

81 Clair compound ammonia compres¬ 
sor, 116 

— - system of circulating air in cold 
chambers, 318, 319 

St Katherine Docks, refrigerating 
chambers at, 272-274 
Steel flange unions, 264 
«• Steinle thermometer, used on chocolate 
cooler, 443 

Sterne, L., & Co., Ltd., ammonia com¬ 
pressors, 56-6g • 

^Stovensop’s cold-air machine, 225 
Stewart A Co., Ltd., D., carlamic acid 
eompressiou mdehine, 151 
Stewart Balfour on rise of temperature 
of air .under compression, 10 
,,.9 Still for absorption maeWno, 174. See 
■ alfio (Generator 

Stocker water-oooling tower, 170 
Stockholm, constructien of uinuel by 
refrigeration at, 474 

Stoddar^^per on waterproofing bricks, 

'Stop-cooks and valves, 252-256 
Storage chambers, amount of refrigerating 
required for, 280, 281 
— Qi iridt cargo, proper, 418, 419 


Stomge of various articles, proper tem¬ 
perature for, 392-395 
Stores, cold, number of, in United King¬ 
dom, 7 

-_ walls for, 3.')0-354 

Storing ice, 535-.>37 
— meats and fish, 383-385 
Strainer, brine, 491 

Straiten, "SAr -iohn, dwr for cold storage 
rooms, 369 

“ Stvalhleven,” first cargo of frozen meat 
brought over in, 2 
Strawlierrios, cold storage of, 389 
Stroke, ratio lietween, and diameter in 
ammonia compressors, 54-56 
Stuffing boxes for ammonia compressors, 
552-5.54 

— box glands, scaling of, 56, 57 
Sturgeon's cold-air machine, 225 
Svibmerged condensers, LM, 1.52-1.57 
Successive cycle system of pniducing 

very .ow temperatures, 689, 590 
Suction and discharge valves, 256-260 
Sugar factories and refineries, use of re¬ 
frigeration in, 464, 465 

— machinery, treatise on, 465 
Sulphur dioxide. St-e Sulphurous acid 
Sulphuric acid refrigerating machines, 

27, 33 

— ether compresairm machine, 39, 40 
Sulphurous acid, advantages of, as a re- 

fi'igerating agent, 44, 4-5 

-machine, 44, 45, 120-129 

-objections to use of, as a refri¬ 
gerating agent, 45 

-properties of, 44, 45 * J, 

Sulzer engine, compressor pumps driven 
by, 81, 124 

Superheating of ammonia gas in com- 
pref -or cylinder, means for pre¬ 
venting, 91 

Suppes and Dortch, expansion valve, 251, 
252 

Supplementary condensers or foreooolers, 
164, 165 

Surfaces, brick, wateiproof coatings for, 
345-a50 


— of cooling pipes, to increase, 268, 269, 
292 

Swiss Co-operative Society refrigerating : 
plant, 428, 429 

Sylvester process for waterproofing briicd^ 
350 * 


System, absorption, the, 20, 174-210 

— cold air, the, 211-245 

— compression, the, 20, 34-151, 557, 558 

— liquefaction, the, 20, 21-24 
Systems of oneratii^ ammonia compres¬ 
sion macnines, two, 52 
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T able giving size* and capacities of 
vario’iB ice-making plants, 523 
— *- the exti’eme limits of cubic feet 
of space per running foot of 2-in. 
piping, 281 

-the relative heat-contliictivity of 

various boiler-covering materials, 
340 

— of amount of heat-units transmitted, 
per fwjuarfi foot })cr liour, througli 
various substances, 330 
— of approximate cost ot ice-making, 

587 

— operating ice factories, 586 
— of calculated relative amounts of 
vapour condensed and ileposited in 
the various stages of cO(ning, 230. 
231 

— of condiu;tivitie8 of usIk'sIos and 
Kieselguhr composition, 334 
— of correct relative humidity for a 
given temperature in egg rooms. 
3KH 

— of cubic t'ict of ammonia gas per 
minute to produce 1 ton of refri¬ 
geration per day, 27H 

-of space per running font of 

2'in. pipe direct cx))an8ion. 281 
— of dimensions ot atnnKspheric <-on- 
densers, 104 

— of submerged eoiidenscr.s. 157 
— of extreme limits ot cubic feet of space 
per running foot i»f 2-in. taping, 
281 

— of freezing times for diflerent tem- 
* • peratures, and thicknesses of can ice, 
530 

— of heat-conducting power of various 
substances, slate Wng 1,000, 342 
— of ice plant efficiencies. 531 
— of ice required for I'cfrigeration in 
dairies, ^35 

— of lineal feet ot 1-in. piping re- 
- quired per cubic foot of cold storage 
' space, 282 

r- of non-heat-conditoting properties 
f. of various substances, 340 

numl^r of cubic feet covered by 
I ft. of l‘in. iron pipe, 2^ 

^ firf au!n}>er of cubic feet covered by 
4*$on refrigerating capacity for 
4w«nty*four liours, 283 
of physical constants of liquefied 



various materials, 339 
of ratio of piping in breueiy cellatfs, 
436,4fiEr 


Tat)le of refi-igerating capacities, 2^4 

- -capacity required per» cubic foot 

of storage room, 283 • •. * 

- refrigeration required to cool meats, 

382 

- of relative liumidity for given tem¬ 
perature in egg rooms, 388 

- -per cent., 572 

- of results of different experiments on 

the lieat conductivities of various 
substances, 33() 

-of experiments regarding non-heat¬ 
conducting properties of varioeis 
substances, 340, 343 

-of test experiments made with 

cold-air machines, 244 

-of tests to determine the non- 

conductive values of diflerent ma¬ 
terials, 337, 3.39 

— — of tests to determine the non* 

conductive values of various ma¬ 
terials, .338 

- — of tests on the heat conductivity 

of diflerent substances, 339 

— — of tests by Professor Jamieson 

as to relative and absolute thermal 
conductivities of substances, 3.33 
-- of specific heat and coinjiosition of 
l ictuals. 383 

— of temperatures adapted for thb cold 

storage of various articles. * .^92- 
.395 

— of tests of waterproofing bricks, 345- 

359 

— of time required for water to freeze in 

ice cans, 491, 531 

- of weights of aqueous vapour held in 

suspension in pure dry air, 573 
-- of yearly imjwrts of frozen and 
chilled beef, 5 

— of yearly imports of frozen mutton 

and land), 3, 4 

— showing transnyssion ot heat thAugh 

various insulatin^’stnictn^es, 344 
Tables or slabs, cold, for manufacture of 
chocolate, &c., 193, 194 
Tabor, C. J., on preservation of fish, 
.384, 385 

Taucredus, liatinus, freezing water* by^ 
mixture of snow and saltpetre, ■ 
21 

Tangye pattern frame ammonia compres¬ 
sor, 108, 109 

Tank insulation, 361-t3fi4 » 

I’apestries, preservation of, by means of 
refrigeration, 472 
Tal ler. See Wallis-Tayler 
Taylor 8 patent fittings for doors of cold 
stores, .3Wf 
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Tea relating, fermenting of, by refriger* 
ation, 464 

Telethermooieter, or electrical ther- 
'•momeiter, 576, 675 

Tellier and Pictet machines, coat of 
making ice witli, 583 

— Charles, methylie ether compression 

machine, 40-42 

Tell-talea. See Temi>eralurc tell-tales 
Temperature absolute, 12 

— and lieat, distmot meanings of. 10 

— best, to maintain a fruit cargo. 410 
—^exchanger and economiser, 181, 107 

— of eondenaed gas moat economical. 

IfiS 

— of oxydising or fermentation of tea 

by !“efrigeratjon, 464 

— tell-tales and long distance ther 
^ ^ mometers, 573, 574 

Temperatures for the cold storage of 
vanops articles, proper. 302-305 

— production of very low, 5S8, 601 
Tender fruits, cold storage of, 388 
Testing of refrigerating machinery, 503- 

576 

work of carbonic acid machine, 481 
Tests of purity of ' irhonic acids, 120- 
131 

•— of waterproofing l)ri<k, 345-35(f 
Thani^, refrigeratod barges on, 421 
I’heowtical etticiency of a refrigerating 
machine, greatest, 17 
Theory and practice of mechanical re¬ 
frigeration, 8-20 

I'hermo-dynamica, first laws ot, 8-10 
Thermographs, 410, 574, 575 
Thermometers, long distance, 573, 574 
Tliermometrieal scale, Fain., zero on, 
12 

Thomas, F K., arrangement for increas¬ 
ing the surface of cooling pipes, 
202 

Thompson, Benjamin. , sve Rumford 

— M. R., on fiUing^ce liousea, 335 
'Ohorne, m^hod of making ice, 405 
Time required for water to freeze in ice 

cans, 491, 531 

Tomkins, E. H., improvements in absorp¬ 
tion machines, 175 , ]85,„18(> 

^ools, loose, reiniued in ice factory, 
529 

Toselli’s ice-making macinne, 22 
Tofrer, air-cooling. ‘295-287 

— water-coolipg, 168-173 

Track systera^for ice factories, 527 
Trade in Australian apples, f> 

— in fresh provisions, 1-7 

— in ftozen cream, 6 

— in frozen meat, 2 


Trade in grapes, 6 

— in peaches, 6 

— in pears, 6 • 

Trans-Mississippi Exposition, refrigerat¬ 
ing machine at, 110, 111 

Trap's, drip. See Drip trays 
Triple-eflbct distilling apparatus, 610- 
512 • 

Tripler’s aijparatus for the produc¬ 
tion of very low tcmpciatuios, 593- 
595 

Triumph Ice Macliine Co., approximate 
cost of ice making, 587 

— atmospheric condenser, UHf 

— automatic ice dump, 525-527 

— complete bix'wery refrigerating plant, 

458 

— dimen.sions of submerged condensers, 

155, 156 

— discharge and suction valves, 250, 

2(i0 

— doublc-a ting ammonia compressor, 

89-01 

— expansion valves. 247, 252 

— oil Separator or collector, 560, 540 

— plan of ice factory, 520 
- plan for insulation, 365 

— propeller for brine agitation, 400, 

401 

— small cold storage i-m>m, 3<)8, 300 

— slop-valve, 253, 254 

— wa{er-C(K)ling tower, 171, 172 
Tropical climates, cooling of hospitals, 

&c., in, 472 

Trotter, Mr A. j^, long distance ther¬ 
mometer, 574 • 

Trough, open, system of cooling, 303 
Truman, Hanlmry, & Co., brewery, first 
use of ether machine at, 430 
1Vunk for admitting cold air in marine 
installations, 416, 417 
Trunks or ducts. Puplett a arrangement 
of, 303, 304 

Tunnelling, application of refrigeration 
to, 474 

Tuttle and Lugo, cold-air machine, 224 
Ttixen and Hamraerich Engineering 
Works, Ltd., ammonia compressor, 
100-102 

— carbonic aibid compressor, 161 v. 

Twining and Harrison, wall or 

system of ice making. 403 

— Professor, improved oomprsiuimi 

machine, 37, 38 

Tyler and Ellis Manufacturing Co,, Ltd., 
ammonia absorption machine, 198- 
200 

Tyndall, Professor, definition of lieat 
\,0 
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U NIONS, flange, 2fi4--i6« 

— pipe jointe and, 260*2(59 
Jifited Kingdom, cold stores in, 7 
- • imports of frozen provisions into, 

1-7 

- States, constniction of first retngera- 
tor car in, 366 

-Illinois Central Railway, re¬ 
frigerator car on, 367-370 
- - method of freezing fish in, 383, 

m 

-insulation useil in, 36o 

■;-pattern of Linde ammonia com¬ 

pressor made in, 81 

-refrigeration in, 7 

-selling and delivering of ice in, 

536, 537 

_ — water - cooling towers in, 16H- 
173 

Unit of measure of heat, 11 
Unnecessary clearance spaces in ammonia 
compressor, 53-56 

Upholstered furniture, preservation of, 
by refrigei'xition, 472 
Utilisation of dissolutioii of a solid to 
abstract heat, 20, 21-24 


V ACUUM flasks for liquid air, 591 

— machine, cost of making ice by, 
584 

-improved pump for, 29 

- process, the, 20, 25-3J1 
- system of ice making, 517, 518 

►-of refrigeration, the, 20. Secaho 

^^acwum process 

Vallance, improvements in vacuum 
maohines, 26 

Valv^, safety, 52, 54, 135, 144, 146, 

149 

— 'conipress'^p, unnecessary clearawee 
spaces, 56 
discharge, 256-260 
—^expansion, 42, 63 
inlet, 266-‘,^ 
suctidn, 256-260 
VL ^;!ee aUo Cooks, Valves, &c. 

Value of different substance, non-con- 
^ ductave, 337, 338 
Van Tdef Weyde refrigerating machine, 
.a 44 

.-."system of packing ice, 530 
,Van8, railway, refrigerated, ^-371 
Vapour, njjethod of cooling in compres¬ 
sion cylinder, 80 
— Gas 

Vifcriout artioles, proper temperatnr* for 
- <s61^>stQi»«e of, 881-395 


Various insulating structures, tablp show¬ 
ing transmission of heat through, 
inventions for refrigerattng dnd^ ice¬ 
making, 20 

— manufacturing, industrial, and con- . 

structional applications of refrigera¬ 
tion, 438-483 

— methods of ice-making, 486-608 

— substances, results of experiments 

on the heat conductivity of, 331, 
336 

— -of tests on the heat con¬ 

ductivity of, 333 • 

— used for purposes of insulation, 
329-371 

Vault in brewery, cooling of, 451 
Vegetables, cold storage of, 390, 391 
Vendin-Sens, use of refrigeration for sink¬ 
ing shafts Hi, 475 ^ ' 

Ventilation of cold storage chambers, 
312,313 * 

Ventilating shafts for cold stores, 312 
Vernon, Mr C. E., electric temperature 
tell-tales, 573, 574 

Vertical duplex marine type of carbonic 
Hci<l machine, 401 

— marine types of cold-air machines, 

414-417 

-tyj)e of single-acting ammoma com¬ 
pression mai^ine, 402 * 

— pipe, mercury well for, 563 

Very low temperatures, 588-001 - 

Vessels carrying live cattle, cooling holds 

of, 473 

— fitted with refrigerating machinery, 

number of, 7 

Vicq-Auziii, use of refrigeration for sink¬ 
ing shafts at, 476 
Victoria Dock, lifts at, 378 

— — imports of butter from, 6 

-imports of frozen beef from, 3 

Victuals, specific heat and composition 

of, 388 . • 

Villafranca, Blaaius, use of Eijiltpetre by, 
for the reduction, of temperaturo, 
•21 

Vilter Manufacturing Co., ammonia 
compreseor, 81-83 

Vogt Machine Co., Henry, improi^ 
ammonia absorption maohine, 19o, 

m 

Volatile liquid agents, 34 ; 

Voorhees, Mr wrdner F., oil separator 
or ooll»otor( S47 • 

V-sbaped or cotmgated bottom to cool¬ 
ing tank, 291, 

Vulcan Iron Works, amount of water 
required in refrigerating apparatus, 
'570 ' 
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. Vulcai^horizontal double-aoting ammonia 
- Qompretsion maoMne, U‘2-114 
' — ioe factory, 52^ 

— iholoeea type ammonia compressor, 

114, 116 

— track s^t^tem, 6*27 

W AGONS, refrigerated. *sVe Vans 
Walker lalxiratory ice-making 
machine, 22 

Wallace, l>i* Wm., results of tests by, to 
^ determine non-oonductive values ot 
various matenals, 33H 
'WalUa-Tayler and Whitehead, revolving 
door for oold stores, 310-31*2 
— testa conducted hy, on coUl-air 
mr chines, 244 

•^"all or plate system of making clear ice, 
4K6, 

— systen^ pUn for cliilling and freez¬ 
ing by circulation of cold brine on, 
292, 293 

Walls for cold stores, 360-354 
— of cold stores, radiation of heat 

Umnigli, 2H7-289 

■ Washed intestines '-1 freshly killed 
pigs, experiments with ammonia on, 
27fi 

Washifig, cooling, and drying air, ap- 
lUratus for, 297, 298 
' Wastage of ice, 636 
Water, amoui*t of, requireil in refriger¬ 
ating apparatus, 570 
— ooramoii arrangement Oir distrilm- 
tion in atmospheric, condensers, 157, 
158 

— consumption in carlwiiic aeid ma- 
chine|, 142 

^ — in sulphuric acid machine, 28, 29 
— — lu sulphuiic ether machine, 39, 43 
-r. cooling apparatus, 152-173 

-•towers, 108-173, 

— de-oerating or distilling apparatus, 
• «)8-51.? • ^ 

— distributing armngement, 168, 159 
— presence of, in ammonia system, 542 
— saving and cooling apparatus,-108- 

173 ' . 

^ .specific heat dF, 10 
Waterproof coatings for brick surfaces, 
. 346-350 * 

Wtygood & Co., external carcass hoist, 
376-378 

— lifts, passenger or goods, 378-380 
Webb’s arrangement of suction valves 
for ammonia compressors, 408 
^’edd^ Co., on imports of mutton, 
lamb, and beef, 2-6 


Wedge, adjustable slioes on crosshcads 
of compressor, 83 

— doors for cold stores, 357-360 • ' 

Wegelin and Hubner carbonic acid com¬ 
pression machine, 16L 

Well, mercury, for horizontal pipe, 563 
->'ertioal pipe, 663, 664 

— sinking, application of refrigeration 

to, 473 

Westerlin and Campbell double-pipe con¬ 
denser, 165 

West, H. J., & Co., Ltd., carlwmic acid 
compression machines, 141-144 

— ether compression machine, 118-120 

— submerged condenser, 164 

— Sef (dxo Della Heffa and West 
West Indifi Docks, lifts at, 378 

— Indian fruit, first cargo of, 3 

— Sniithfield, lifts at, 378-380 

Wet system (>f operating ammonia com¬ 
pression machines, 52, 53 
WoLzel pan, water-cooling tower on 
piiiiciple of, 173 

Weyde, Vm der, rofrigci-ating machine, 

44 

— system of packing ice, 530 

White bleaching of clotlies by i-efrigera- 
tion, 472 

^^llitrehead. See Wallis-Tayler and 
Whitehead 

VVhitelaw. See. Johnson and Whitelaw' 
Williamson’s oold storage chamber, 293#' 
294 

Wilson, Thus., Sons, & Uo,, steamers 
fitted with refrigerating machinery 
for the butter trade, 6 • J 

XN'indhausen apparatus for production of 
very low temperatui-es, 593 
■ - carboaio ar id machine, 45, 46, 131 

— cold-air nutchine, 216-221 

— Franz, compound vacuum pump, 27 

— machine, cost of making ice with, 583, 

584 . 

— — installation of, at Bayswater, 27 
Window insulation, 360 

Windows of cold stores, radiation of heat . 
through, 287 

Wine growers and merchants, use of re¬ 
frigerating machinery by, 469-471 

Witting glUed piping, 269 
Wolf Co., Fred. atmospheric oqo- ' 
densors, 161 

— recent design of Linde oompresSur 

made by, 81 

— See o^so Fontifex and Wood 

Work, carbonic acid machine, to charge 
' and, 554-536 

—- 4®iuanded of a machine for 
meohamoal refrigeration, 16-11I 



632 


INDEX 


Working, ^oost of, S7&-687 
W^rt, bo^, cooling of, 444-446 
WorthingCon wator-cooling tower, 170 
Wroblewski, experiments by, in lique¬ 
faction of gases, 591 


Y ARYAN catchalls, modihed ar¬ 
rangement of, r>47, 548 
— distilling apparatus, 510-617 
oil separator, 647, 548 
Yeast rooms, brewery, cooling air in, 
446, 447 


York Manufacturing Od., ooippound 
ammonia compressor, 97»99 ’ 
improved St Clair amlhonfa com¬ 
pressor, 116 

— single-acting ammonia compressor, 
97-99 


Z ERO on Centigrade tbermomotrical 
scale, 12 

— on Fahrenheit themioraetrical scale, 12 
— real. 12 

Zschoeke water-cooling tower, 171 • 










REFRIGERATION, COLD 
STORAGE, AND ICE-MAKING 


CTTArTMU T 
LNTUODIJCTION 

Origin of Artificial Hi frigcraiii.ii-'Hietory and Progresa of the Trade in Fresh 
Provisions. 

• 

Although refiigomtion and the production of ico by artificial means 
is said to have been known to, and practised by, the Ancients, it is only 
in tomparativoly recent times that improved systems and apparatus 
have enabled operations to be carried out profitably on a commercial 
scale, and have rendered possible the numerous manufacturing and 
ihdustrial applications now made. 

In addition to the employment of mechanical refrigeration for the 
manufacture of ice, more durable, and—by reason of the known purity 
of tl’C water congealed—more palatable and sanitary than the natural 
product; to its extensive use for the freezing and chilling of freslily 
killed meat in abattoirs; and to its application to the cooling of stores 
or chambers for the preservation of meat, fowl, fish, butter, cheese, 
fruit, vegetables, and other provisions of a perishable nature: mechanical 
refrigeration is now commonly employed in a number of different manu¬ 
facturing processes, brief descriptions of the most important of which 
.appllbations will be found in a chapter devoted to this subject. 

• The trade in fresh provisions is one that during the last few years 
has made enormous strides, and at the present time vast quantities of 
frozen carcasses, and of fish, fruit, vegetables, butter, cheese, and mdk 
•are being imported into this country. 



2 REFRIGERATION AND COLD STORAGE. 

Space does not, unfortunately, admit of entering into any lengthy 
account of the history of this trade, which is one of great interest, or of 
giving lengthy statistics relative to the constantly increasing amounts 
of these imports; the full figures can, however, readily be got from a 
variety of sources by anyone interested therein, and, moreover, they 
hardly come within the province of a book purporting to Ix) devoted 
to a description of the various machines and appliances adapted for 
‘ refrigeration and ice-making. The following, however, are a few of 
the leading facts and figures ; — 

Meat frozen by a Harrison ether macliine was shijiped from Mel¬ 
bourne on the i3rd July 1873, and anuverl here on the 18th October, 
but turned out a failure. In 1875 and 1876 frozen meat was brought 
over from America. The first cargo of frozen meat was successfully 
brought to this country from Australia in the year 1880, in the 
“ Strathleven,” which is .said to have been fitted with a Bell-Coleman 
cold-air machine, and this was quickly followed by another consignment 
in the “Protos,” refrigerated by moans of a cold-air machine of the 
Lightfoot pattern. On 5th October of the .same year the steamship 
“ Orient ” arrived at London with a cargo of frozen meat, she being 
also fitted with refrigerating apparatus on the cold-air pi'inciple, in this 
instance one of Haslam’s patent dry-air refrigerators being employed, 
which worked without interruption during the entire voyage of six 
weeks’ duration. On the 2Gth iSeptember, in the succeeding year, the 
clipper ship “Mataura,” also fitted with a Haslam patent cold-air 
machine, arrived with a cargo of frozen meat from New Zealand. 

Such were the commencements of the trade in refrigerated meat, 
and it has so rapidly advanced that, in mutton and lamb alone, from 
400 carcasses in 1880, it has risen to 12,981,044 carcasses in 1910. 
According to Mes.sra Weddel & Co.’s annual report, the total receipts 
of frozen mutton for 1910 was 7,552,977 carcasses, as compared with 
5,915,455 in 1909. These figures represent an increase of 1,637,522 
^carcasses, or 27'7 per cent. These developments in mutton syn¬ 
chronised with a small extension in the imports of lamb, which 
aggregated 5,428,067 carcasses, as compared with 5,151,697 carcasses 
in 1909. Taking mutton and lamb together, the aggregate of the 
importations was 12,981,044 carcasses, as compared with 11,067,152 in 
1909, and is the highest hitherto recorded. ” o 

The following tables compiled from statistics published by Messrs 
W. Weddel A Co. show, in the first, the growth of the trade in frozen, 
mutton and lamb, from the commencement of the trade, in' 1880 to 
1890; and in the second (page 4), from 1891 to 1910. 
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Veartt Imports op Frozen Mutton anj) Lamb prom Commence- 
• MENT ;OI' THE TrADE TO 31 ST DECEMBER 1890. 


Year. 

Australia 

New Zealaiul 

Fallcliirnl 

Islands. 

River Plate. 

Totals. 

1880 

• 400 




400 

1881 

17,27.') 




17,275 

1882 

57,2.')(i 

8,830 



66,096 

1888 

03,788 

120,81)8 


17,16.3 

201,789 

18H4 

ni,74.T 

412,341) 


108,823 

632,917 

1886 

. 86,051 

41)2,269 


I90,.57I 

777,891 

1880 

00,1)00 

(W/i.SSS 

.30,000 

4.34,699 

1,187,547 

1887 

88,811 

706,417 

45,5.52 

841,866 

1,642,646 

1888 

112,214 

939,231 


924,003 

1,975,448 

18811 

80,047 

1,068,286 


1,009,986 

2,164,769 

im 

207,084 

1,.5.33,393 

10,i()8 

1,196,531 

.2,947,046 


The steady increa.s(' m the amounts of frozen and chilled beef 
imported into this country for the period of twenty years, viz., from 
1891 to 1910, is no less phenomenal than that of mutton and lamb. 
In 1891 the total imports, as will be seen from the table on page 6, also 
compiled from Mcs.srs W. Weddel’s statistics, amounted to 1,157,854 
cw%, whilst in 1910 the figures reached 4,246,182 cwt. 

Three shipments of chilled beef were made during 1910 from 
Australia, the condition of one of which was imperfect owing to the 
use* of unsatisfactory meat wraps. It has, however, been definitely 
proved that, aided by the Linley process, chilled beef can be brought 
from ivustralia or Now Zealand to this market, and delivered, after a 
seventy day.s’ voyage, in good condition. 

The trade in frozen rabbits has also attained to considerable. 
dimensions, and as far back as 1900, 36,823 crates, containing 917,142 
rabbits, were .sent to this country from South Australia. 

In 1886 the steamship “ Nonpareil ” (Scrutton, Sons, & Oo.), which 
had been fitted for the purpose with a Haslam dry-air refrigerator, 
brought to this country the first cargo of West Indian fruit; and early 
in 18l?8 a cargo of apples was shipped from Melbourne in the “ Oceana,” 
in chambers also cooled by a Haslam machine, both cargoes arriving 
in good condition. Subsequently many of the ships belonging to tlie 
.Peninsular and Oriental Steamship Company, and others, were fitted 
■ up for this trade, and M assrs Elder, Dempster, & Co. inaugurated the 
. Imperial West India Direct Mail .Service, the steamers of which line 
are specially adapted for the transport of large quantities of bananas 
■from Jamaica, a ta«k which has been successfully performed. The 
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“The total ca.paclty of the principal London refrigerating stores at the Slst December 1910 in 56-lb. 









Yearly Imports of Frozen and Chilled Beep prom 1891 to 1910. 



*. and arriving in a soft ctniditicm. 










6 REFRIGERATION AND COLD STORAGE. 

method adopted is to circulate through the insulated holds of the 
vessel air which has been purified and cooled in the course of its 
passage over a specially constructed cooler, through which cold brine is 
circulated by means of pumps, and every precaution is taken to main¬ 
tain an equable temperature of 40° to 4.5° Fahr. during the voyage. 
Besides this there is now quite a large trade in Australian and 
Canadian apples, and one in yoft fruits, .such as pears, peaches, and 
•'grapes, has also been established.' Tho extent of the trade in 
Canadian fruit will be realised from the fact that during the season 
of 1908 there w(!re four steamers sailing from the ports of Montreal 
and Quebec with cold storage chaml)ers re.s(?rved for fruit only. Tlie 
total number of vessels fitted with cold storage, .sailing from the above 
poi;ts in the same year was forty-six steamers with a cold storage 
capacity of 1,015,556 cub. ft., and nineteen with a total air cooled 
capacity of 904,780 cub. ft. Adding together all tho sailings during tho 
year, the total available space was 4,907,195 cub. ft. of cold storage, and 
4,217,648 cub. ft. of cooled air. 

In 189.7 a considerable import trade in milk had already arisen, and .. 
in 1894 one firm alone regularly sold 500 gals, of foreign milk daily;. 
thousands of gallons of foreign creaur- are likewise imported into this 
country to be used for buttermaking. The bulk of this milk is shipired 
to London from Gothenburg by steamer, having been frozen chiefly by 
refrigerating machines on the ammonia compression principle, and 
costing, it is stated, 25 per cent, less than Kngli.sb milk 

Large quantities of butter are brought over from Denmark and 
the Baltic. Messrs Thos. Wilson, Sons, & Co. alone ’had eight or 
ten years ago seven steam.ships fitted up with refrigerating machinery 
for. the butter trade, and one firm of refrigerating engineers (Messrs 
J. & E. Hall, Ltd.) had at that time fitted up thirty steamers with 
refrigerating installations for the same trade, and a large number 
. of steamers have since been adapted for such transport. The amount 
of butter imported into the United Kingdom from Victoria, in 1900, 
was 26,185,679 lbs., that from New South Wales *8,72V,600 lbs., and 
large quantities of butter and cheese are likewise brought over from 
Canada. 

All these provisions can now be brought to this country in 
excellent condition, the chief dangers of deterioration being'from 
hurried and consequently careless stowing, from bumps and bruises 
caused by rough and unskilled handling, and from exposure to higher, 
temperatures during transit from the ves.sel to the cold Stores on land, 
ahd subsequent distribution by road or rail to tha retailers. 
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There are at the present time upwards of 200 cold stores and 
ice factories in ijie United Kingdom. The number of firms engaged 
as makers of refrigerating machinery is about 40, and there are 
upwards of 130 hrewerie.s, 30 butter merchants, 45 chemical and 
other manOfactories, 30 chocolate, cixaia, and confectionery manu¬ 
facturers, aiijl some 05 bacon factories using refrigeration ; as well as 
manufacturers of ammonia, carbonic anhydride, and other refrigerating 
^ mediums, importers of icc, and other firms interested in the business^ 
many butcliers, fishmongei's, dairy and hotel proprietors, and others, 
who‘have small cold stores cooled by refrigerating machinery' and by 
ice. On the Continent and in America and spread over China, Japan, 
Java, India, Ceylon, the Malay Peninsula, the Idiilippino Islands, Siam, 
Kast, West, and South Africa, Australia, New Zealand, Kgypt^and 
Algeria are many thousand firms directly interested in refrigeration. 

In twenty state" in the United States the refrigeration used per 
day amounted, according to .statistics compiled in 1909, to 284,780 
tons. The total capacity of the refrigerating machines in the United 
States is given as being 612,919 tons per day of twenty-four hours. That 
is an average of 31-17 tons per machine. The capital represented in 
the above plants is considerably'above 100,000,000 dollars. 

* The entire number of vessels fitted up with refrigerating installa¬ 
tions and adapted for the ti-ansport of moat and other comestibles 
was in 1910 upwards of 800. According to Mes.srs W. Weddel 
Id's steamers were actually engaged in the frozen meat trade between 
Australia, New Zealand, and South America, and this country, at the 
31st December 1910, viz., 52 steamers having a combined capacity 
of 2,264,000 carcasses between Australia, 49 steamers with a combined 
capacity of 4,498,200 carcasses between New Zealand, 68 steamers 
with a combined capacity of 4,166,700 between South America, and 
20 steamers with a combined capacity of 1,709,700 between Australia, 
&c,, or South America, and the United Kingdom. There is also a 
supplementary list of 25 .steamers fitted with refrigerating machinery, 
and, having a combined carrying capacity of 1,586,900 carcasses, but 
not at present engaged in the frozen meat trade. 
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THE THEOEY AND PEACTICE OF MECHANICAL, 
EEFEIGEKATION 

Relation to first two Laws of Therrao-dynaiiiics—Definition of Heat—Specific 
Heat—Latent Heat Mecliaiiical Equivalent of Heat—Calculations made 
,4vith respect to Heat—Temperature—Laws of Cases—Construction of 
Chart applicable to any value of n —Woi-k demanded of a Refrigerating 
Machine—Greatest Theoretical Efficiency of a Refrigerating Machine. 

The theory and practice of mechanical refrigeration are based upon 
the two first laws of thermo-dynamics—that is to say, first that 
mechanical energy is convertible into heat, and vice vend, and, second, 
that an external agent is neoes^ry to .enable heat to pass from a cold 
to a heated body. 

The above fact very naturally leads us to inquire what heat really 
is, and hero we are confronted with a question by no means easy 
to answer correctly. According to the well-known and generally 
accepted definition of text books, the answer to the question is that 
heat is a mode of motion. A more satisfactory statement as to the 
nature of heat, however, is that it is a form of molecular energy. 
This theory is the result of a series of observations made by 
ifenjamiu Thompson, better known, perhaps, as Count Eumford, 
in the year 1798, and also by Sir Humphry Davy in the year 
1799, the definition having been finally arrived at, and accepted 
by, the former eminent scientist in 1812. It is an unfortunate 
circumstance, but nevertheless a true one, that even the most gifted 
amongst scientific men, in endeavouring to penetrate the secrets of 
nature, are, after all is said and done, but groping blindly in the dark, 
and the fallacy of but too many of our scientific definitions is a 
truth patent to all who give the subject any serious consideration. 
This is a fact fully recognised by most eminent teachers; but 
notwithstanding this, the erroneous definitions, are allowed to stand 
unchallenged for want, doubtless, of more accurate ohefj. 

. In the case of heat, the before-mentioned experiments had appa,- 
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ettly shown that heat was not a substance, as had been thought by 
)reviou8 a,uthoritiea, and therefore it was accepted without dispute, 
n order ’to secure a plausible definition, as being a mode of motion. 
!n a very. interesting paper by Dr Ernst Mach, Professor of 
Physics in the University of Prague, which appeared in the Monut 
if October 1894, the absurdity of many of the universally accepted 
heories is clearly demonstrated, and with reference to thermo- 
lynaraics, he remarks that, as ij. has been shown that heat is not* 
1 substance, the usually accepted theory is that it is a mode of 
notion. This, however, Dr Mach proves not to be true. In an 
ible article upon the fallacy of scientific definitions published in the 
Engineer of 12th October 1894, the writer, after referring to the 
'act that the exact nature of heal is as yet absolutely unknown, 
iruly observes that heat really behaves sometimes like a* substtftce 
ind sometimes not. 

Modern physicists assume heat to be not a material but a state. 
A.11 bodies are built up of very large numbers of extremely minute 
sarticlos, known as molecules, which have a mutual attraction the 
me for the other, which attraction is more or less great in solid 
natter, lesser in liquid matter* and actually resolves itself into a 
tension in gaseous matter. These molecules are supposed to be 
in a state of perpetual movement or vibration, except in the case of 
bodies which are absolutely cold, and the temperature of a body is 
governed by the rate of this vibration, the more rapid the vibration 
the higher the temperature. Every molecule possesses a certain 
definite weight, and owing to its motion must have a certain amount 
of kinetic energy, so that according to this heat is really a. kind of 
energy, and not a substance. Both heat and mechanical energy are 
mutually convertible, and besides, for each unit of heat expended 
or produced, a definite amount of mechanical work must be produced 
or expended. 

Lord Armstrong said: “ According to the new theory, heat is an 
internal motion of molecules, capable of being communicated from 
the molecules of one body to those of another; the result of this 
imparted motion being either an increase of temperature or the 
[ierfurmance of work. Clausius states that heat cannot be oofti- 
muoibated from a cold body to a hotter one without oompensatitm. 
According to T}mdall heat is not matter, but an accident or 
condition of matter, namely, a motion of its ultimate particleSi 
Maxwell says that heat, considered with respect to its powm* of 
warming things, an^ clianging their state, is a quantity strictly 
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capable of measurement, and not subject to any variation in quality 
or kind. Balfour Stewart says that when air is compressed, the 
rise of temperature is .scarcely at all due to the mere diminution of 
the distance between the particles, but almost entirely to the 
mechanical elfect which must be spent on the air before the con¬ 
densation can be produced.” 

It may hero be remarked that the word heat i.s very commonly 
.employed in a very loose manner, aijd the fact that two quite distinct 
meanings may attach themselves to it is either forgotten or ignored,' 
viz , “temperature ” and “ quantity of heat,” which, whilst closely con¬ 
nected with one another, are nevertheles.s entirely different. For 
example, we may have two vessels of largely varying dimen.sions con¬ 
taining water at exactly the same temperature, whilst the quantity of 
helCl in tire larger vessel may he double, treble, or more, of that in the 
other or smaller one. Sensible heat is that indicated by the thermometer. 

Specific heat is defined as being that amount of heat necessary to 
raise the temperature of a body of a unit weight 1°. The unit of 
measure is that quantity of heat that is neces.sary in order to raise the 
unit weight of water through 1“, at its totnperature of maximum 
density 39’4” Fahr. If equal weights <of different bodies are raised the 
same number of degrees of temperature, each one takes up a differtjnt 
amount of heat, moreover the specific heat of the same substance differs 
in accordance with its state, i.e., whether it be solid, liquid, or gaseous, 
and under Varying conditions of temperature and pressure, increasing 
invariably with an increa.se of temperature or pressure. The specific 
heat of water is exceeded by but few bodies, and the variation thereof 
at different temperatures is so small as to be unworthy of notice. The 
specific heat of water is therefore taken as the standard of comparison, 
and is represented by unity. It is, however, a quantity increasing with 
the temperature; tor example, at the temperature of maximum density 
39° Fahr. to 40° Fahr., it is exactly unity, at 104° Fahr. it is 1'0012, 
and at 212° Fahr. it is 1’005. 

Latent heat, the existence of which was first discovered by Dr Black 
in 1762, is the heat that is absorbed by bodies when passing from one 
state to another. Latent heat has been thus clearly and cbncisely 
dafined by Balfour Stewart, in his “ Treatise on Heat ”: “ Latent 
heat is the heat which is absorbed by bodies in passing from one*stp,te. 
to another, but it does net manifest itself by producing an increase of- 
temperature, and is on this account called latent heat. ... A pound 
of water at 212°, mixed with a pound of water at 32°, ^ves 2 lbs. of 
water at 122°, the mean of the two componentsif, however, a pound- 
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of ice at 32° be mixed with a pound of water at 212°, we hare 2 lbs. of 
water at 51° only. . . . The difference being equal to that required to 
raise 2 IbS of water through a range of 71° . . . representing the heat 
required to liquefy 1 Ib. of ice.” 

Joule’s mechanical equivalent of lioat equals 772 ft.-lbs. That 
is to say that heat demands for its production, and produces by its 
disappearance, 772 ft.-lbs. for each unit of heat. The experiments 
by which Joule determined the above equivalent were conducted by«. 
means of a falling weight, which actuated an agitator or paddle- 
wheel placed in water, the friction caused by a weight of 1 lb. 
falling through a distance of 772 ft., or of a weight of 772 lbs. falling 
through a distance of 1 ft., being found .sufficient to heat 1 lb. of 
water 1° Fahr. 

The method of conducting the experiment consisted in first winding 
up the weight until it was at the top of a .scale, the temperature of 
the fluid (water, oil, meicury, itc.) being then noted, and the weight 
allowed to fall through a certain distance and the temperature again 
noted. If then W be the weight in lbs., and H the height through 
which the weight has fallen in feet, W x H will be the number of 
foot-pounds of work that have<-been performed by the falling weight. 
Ahd if X s be the weight of the fluid multiplied by its specific heat, 
<j be the initial temperature of the fluid, and t., be its final temperature, 
M’ X « (<2 - <|) will be the number of heat units imparted to the fluid 
by*the fall of tho weight. Taking J (usually known as Joule’s equiva¬ 
lent) to denote the number of foot-pound.s required to produce one 
heat unit, or the mechanical equivalent of heat, we have therefore:— 

j WH _ 

"" M) X S (<^ - <j)’ 

This is what is generally called the finst law of thermo-dynamics, 
viz., heat and mechanical energy are mutually convertible, and heat 
requires for its production or produces by its di.sappearance, mechanical 
energy in the proportion of 772 ft.-lbs. for 1 unit of heat. 

This value has been used universally for many years, being even 
now that most commonly employed. Kecent investigators, however, 
halve conclusively .shown that the above is too small, and various valhes 
. var^ng up to 778 ft.-lbs. are u.sed. 

' Calculations made with respect to heat entail the use of the terms 
absolute pressure and temperature. 

The first of these, or absolute pressure, is pounds per square inch 
■ above a vacuum. .Jlence, as the zero on a steam pressure gauge 
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represents atmospheric pressure it will be necessary to add 14'7 Ibk 
to any particular gauge pressure bo convert it into absolute pressure. 
Temperature is a term which implies that degree of sensible heat 
which a body possesses when compared with another body.- The zero 
upon the Fahrenheit thermometrical scale is an arbitrary zero or 
starting point, adopted tecause the real zero was unknown; recent 
experiments place it at -459'13° Fahr. On both the Centigrade and 
Reaumur scales the two fixed points are the temperatures of melting ice 
and boiling water under a pressure due to that of the standard atmo¬ 
sphere. A degree is obtained by dividing the interval between these 
points into 180 in the ease of the Fahrenheit, 100 in the case of the 
Centigrade, and 80 in the case of the Reaumur, equal divisions on the 
three scales, the bore of the tube being assumed to be uniform and 
the Expansion of the glass neglected. Thus the absolute temperature 
of a body is that of absolute zero added to the ordinary thermometrical 
temperature thereof. For instance, if the latter be 32° Fahr. then the 
absolute temperature would be 49113° Fahr., or 459 13 were it zero 
Fahrenheit on the thermometer. 

The laws of gases may be concisely stated as follows :— 

PV = RT: 


Where P = pressure 
V = volume 

H = constant (depending upon the gas) 
T = absolute temperature 
= (T -I- 459’13'*) on Fahrenheit scale. 
The equation may be put as follows;— 


PV 


= constant. 


If temperature remains constant then 


PV = a constant. 

k 

• And in this form is the algebraical representation of Boyle’s or 
Marriotte’s law, usually expressed in words thus : If‘the femperaturo 
remfdn constant then the volume of any given quantity of gas will be 
in the inverse ratio to the pressure which it sustains. 

■ "The volume remaining constant then 
V 

^ = a constant. 


Which is the symbolic expression of Charles’ and Gay.Lussac’i 
*-Figures given by Professor Clerk Maxwell in his “Theory of'Heat.’’ 4fi( 
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laws (laws of expansion). Charles’ law may bn orated thus: Under 
constant pressure) all gases expand alike. 

P V" = constant. 

In cases where the change of volume takes place at constant 


temperature, then it is said tf> be 
isothermal expansion and n-\. 
The curve connecting pressure and 
.volume is an hyperbola, and conse¬ 
quently it is occasionally called 
hyperboltc expansion. 

If the working medium or agent 
expand without receiving or giving 
up any heat from or to external 
bodies, it is said to expand adia- 
batically, the curve of expansion is 
adiabatic and tc = ratio of specific 
heat at constant pressure to the 
specific heat at constant volume, 
which for air = 1'408, or 



Fig. 1. —Diagram showing Method 
of Construction of Curve PV“ = 
Constant. 


pyiios _ constant. 


This particular ratio is usually denoted by y, or 
PV'i' = constant. 

• 

• To construct the curve PV" = constant. 

When M = 1 then for a given series of values of V it is easy to 
calculate the corre.sponding values of P, but for any other value of 
n it is necessary to use logarithms, thus: — 

log. P + » log. V = log. C; ... (1) 

Put log. P = j/, log. V = 9:, and log. C = k, then equation (1) may 
be written :— 

y-^nx-h, 

■whichris the equation to a straight line. 

In Fig. 1 take the point R in the straight line AB, then CR = OD 
and RD = OC = j/i; then from the figure we have— 
OA_AC_OA^^OARD^OA_RD, 

OB“CR“ CR CK CR CR ’ 

••• RD + r.oCR = OA 
Uj> 


or, yi + n3:i = i:; 
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and similarly for any other point (xy) in the line it may he shown that— 


y + nx, = k. 

Also let the angle ABO = 1), then « = tan. 1) = 


AO 

OB’ 



In Fig. 2 let A'R'B' he the 
curve PV’' = C, then if CR = log. 

C'R' and DR = log. D'R', then all 
' points such as R will lie on a 
straight line AB, and AO^^log. 

C, whilst = n. 

jpO 

Upon these principles Professor 

D. '*A. Low-has devised the following 
general method applicable to any 
value of n, which av<)id.s the con¬ 
tinual use of a table of logarithms. 

For this purpose a chart is constructed (see Fig. .1), which may 
be considered divided up into four parts by the lines X|X and Y,Y. 
Volumes are measured along OX, pressun* along OY as usual, so 
that the top right-hand corner is the curve PV" = constant. I/)g. P 
is measured along OXj, and log. V along OY,. A curve is drawn in 
the top left-hand corner such that any point' Q in it satisfies the 
conditions QS = P and QT = log. P. iSimilarly in the right-hand lower 
corner is a .second curve in which any point K, must satisfy the 
conditions KL = V, and KM-=log. V. These curves will he used for 
constructional purposes and should be carefully drawn. 


Fig, 2.—Diagram sliowiug Method of 
CoiiBtnicting Curve PV" = Constant. 


Let A (Fig. .3) be a point in the curve PV'' = C, and also that nhas 
the value 1-4, the pressure at A being 140 lbs., and the value 10 units. 
Then project a vertical lino downwards to meet the V log. V curve at a, 
and a line horizontally to meet the P log. P curve at a'. From a let 
.fall a perpendicular to meet a horizontal line through «, at o”. Join 
the point 1-4 on scale of log. P to DO on scale of log. V and through a" 
draw a line parallel to this line. Next select some point, say 5", and 
project vertically and horizontally, obtaining the points h' and b", again 
projecting horizontally and vertimlly, and their intersection B-is a 
point on the curve required; repeat this process for as many point® aa 
may be required. All this' process requires is the use of a tee-square' 
and set-square; and in practice if the two curves are constructed'once, 
for all and the construction performed upon a piece of tracing paper, 
the.original can be then preserved uninjured. The converse pi-oblem 
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can be solved, viz., if a curve IJV be given to find the nearest value 
of n in the equation PV” = C. In this case take a number of points, 
1, 2, 3, &c., and draw the straight line u'v" through them, and through 
the point 1^) (in log. V) draw a parallel lino to n"v", to intersect 
log. P scale (OXj), then the reading in this example 0'8 nearly. So 
"that the equation to the curve UV is PV"*-1313. 


The work demanded of a machine of any kind whatsoever intended 
for effecting mechanical I'efrigeiation is to reduce the temperature of • 
any given matter to the desired point as compared with the surround- 



Fig. 3.—Conetruption of Chart applicable to any value of a. 


ing majiter, and to maintain it subsequently at or near this point, for 
naturally, were two bodies having different temperatures placed either 
in actual contact or in sufficiently close proximity to one another, 
theif temperatures must infallibly become equalised sooner or later, 
•if tio means be employed to permanently keep up the difference. It 
may here be noted that the theoretical cycle of a perfect refrigerating 
’ machine is precisely the opposite to that of a perfect heat engine. In 
the first, heat goes in at a low temperature and passes out at a.more 
elevated temperature^ to render which action possible certain work has 
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to be eflfected upon it. In the second, heat derived from some external 
source at an elevated temperature is given out at a lower temperature,. 
a greater or leaser amount of mechanical work being produced by it 
during its fall. 

When a gas is compressed the temperature rises. When a gas is 
allowed to expand, the work it performs is done at the expense of its 
store of heat. If, therefore, some gas, say air, be compressed its 
temperature will increase, and some of its heat will be able to flow 
into any surrounding bodies at a lower temperature, and in cold-air ‘ 
machinery air is compressed, and then cooled by passing through 
water at a lower temperature, which reduces the temperature to 
about its original amount before compression. Now if this air be 
allowed to expand again until its original pressure is regained, the 
work so done will be performed at the expense of its reduced Stock 
of heat, so that the air will have lost a large portion of its heat in 
the process, which will result in a great reduction of temperature, 
thereby giving rise to that negative condition known as cold. 

It may be here mentioned that the phrase commonly used, “heat * 
is generated by compression,” is somewhat misleading, because the 
amount of heat in the universe is a "fixed quantity, and the intrinsic 
energy possessed by any gas is under given conditions a quanS;ity 
that can be accurately calculated. Thus if a pound of air at a 
temperature of 70° Fahr. and at normal atmospheric pressure be 
taken as an example, the total quantity of energy it possesses is at 
once known. If this air be placed in a compressor and its volume 
be reduced to say one half of its original volume, and if this be done 
so rapidly that there is no time for heat to escape at the end of the 
oomprpssion, that is to say adiabatically or instantaneous compression 
without transmission of heat, then its energy will have been increased 
by the amount of work done upon it. Its statical pressure will be 
increased, and its temperature will also have risen, by reason of its 
dianged state or condition internally, and the theta-phi diagram for 
the two conditions would show this more clearly than any other 
known method. Now if the temperature be reduced to its former 
amount, that is to say to 70° Fahr., its volume will contract, so that 
a^lfmEdl additional quantity of air will have to be forced in in ordm* 
that the pressure may remain unchanged as the temperatuta is 
-reduced. It will be seen that there will be now, consequently upon 
the above, rather more than a pound of air to deal with^at th^ higher 
preasure, and this is whet actually occurs in practice, wt'is a point 
jrhieh is easily overlooked. Now if this air be (flowed to expand in 
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a cy«-Jer, it will give up morfi of its heat in order to overcome the 
resistance, and in this way it will lose or part with more heat. The 
amount" of work done is shown by the indicator card, and can be 
estimated. The mechanical work done by the air in this expansion 
is exactly the .same as that done upon it during its compression, but 
there is in addition the further loss of energy, due to the internal 
work done in the air during the expansion, so that what has been 
done to the air during the entire process has been to extract some of 
^|t5 original store of heat, thus reducing its temperature; and the 
void air is .now ready to restore its deficiency at the expense of the 
shyrounding hotter bodies. 

''^he greatest theoretical efficiency of a refrigerating machine is 
expf^sible by the equation 

V ^ JL_ • 

X>"Z-Y’ 

X denoting the heat unit which are abstracted. 

XI denoting the total of heat units representing work efifected. 

. Y denoting the absolute lower temperature. 

Z denoting the abso'ute higher temperature. 

In all refrigerating machines, bther matters being equal, a limited 
rangt of temperature gives the largest amount of efficiency, and the 
more extended the range of temperature the less wi'l be the degree of 
efficiency developed; the efficiency, moreover, advances proportionately 
to a rise in the lowest limit of the range of temperature. 

Shortly, the work demanded of a refrigerating machine is to 
extract heat from a cold body, say from the air in an enclosed space, 
such as a refrigerating chamber, .ind by the expenditure of mechanical 
energy to sufficientlyTaise the temperature of this heat to admit of its 
being carried away by a suitable external agent, the latter being most 
usually water, which is not only the cheapest one available, but also has 
a greater capacity for heat, weight for weight, than any other known 
substance, and is taken as the standard of comparison, its specific heat 
being taken as unity. 

It has been already stated that heat cannot be communicated from 
a cold body to one at a higher temperature without compensation 
' taking'|)lace, and as the heating of cold bodies is not refrigeration, an 
explanation of the nature, extent, and necessity of this compensatioD 
it called for. 

,. Let us suppose that it is desired to cool some agent or medial^ 
say air for an example, at a temperature of 60° Fahr., a liquid at i 
temperature of zero Fahrenheit being available which has, say, the SBQM 
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specific heat as water. On mixing 100 cub. ft. of this air with 10 lbs. 
of the liquid, it will be found, as soon as the temperatures have 
become equalised, that the air has been cooled 50°, and the' liquid 
heated 10°, practically no expenditure of power being required to effect 
the mixing. 

On the other hand, supposing that it is desired to cool air at a 
temperature of 60° Fahr., and that water at 80° Fahr. is available for 
the purpose of absorbing the heat, then in this case as the substance 
to be cooled is the colder body, some moans must be found of reversing 
the relative temperatures of the two substances. According to Boyle’s 
or Mariotte’s law, the temperature remaining the, same, the volume of 
any given quantity of gas will be in the inverse ratio to the pressure 
which it sustains. By compressing the 100 cub. ft. of air to seven- 
tMiths of'its volume, the terminal temperature will be found to be 140° 
Fahr., and if this air bi! mixed whilst under pressure with 10 lbs. of 
water at a temperature of 80° Fahr., it will be found, as soon as the 
temperatures become equalised, that both the air and the water are at a 
temperature of 90°. By allowing this air to expand to normal pressure, 
its final temperature will be found to be 10° Fahr., or reduced to a 
similar temperature as in 'the first ease. In the above example, the 
compression, cooling, and expansion are assumed to be all effected in 
the same cylinder, and without transference of heat to or from the 
exterior. 

It will be seen that, in both of the above cases, 100 cub. ft. of air 
has been reduced in temperature by 50° Fahr. The heat remoVed 
or abstracted was in the first instance communicated to a liquid at a 
low temperature, no compensation taking place, whilst in the second 
case the heat removed or abstracted was taken up by water at an 
initial temperature considerably above that of the air, which action 
necessitated the temperature of the latter being raised by compres¬ 
sion, thereby consuming a certain amount of power in doing so, 
which consumption of power in the above case, allowing for friction, 
may be taken as 27,500 ft.-lbs. 

We have already seen that the mechanical equivalent of heat is 
778 ft.-lbs. per British thermal unit (B.T.U. or heat unit, viz., the 
quantity of heat required to raise 1 lb. of pure water 1° Fahy., or, 
morq exactly, from 39 1° to 40T°), therefore;— • 


27500 

778 


= 35-3 B.T.U. 


This, however, as above mentioned, is on the assumption that 
compression, cooling, and expansion all take* place in the same 



THEORY AND PRACTICE. 19 

• 

cylinder mid without loss or acces.sion of heat to the exterior, an 
impossible arrangmneiit in practice, and if the air be compressed in 
one cylinder and passed into other cylinders against pressure for 
cooling and expansion, as it would be in an actual working arrange¬ 
ment, another 122,000 ft.-lbs. would be consumed for the discharge 
of the air against pressure, whilst there would be a recovery of 80,000 
ft.-lbs. due to the expansion of the compressed air Ijehind a piston, 
and we have, therefore, 27,.')00 ft.-lbs. + 122,000 ft.-lbs. = 149,600 ft.-lbs. • 
- 80,000 ft.-lbs. = 69,.600 ft.-lbs. as tht! expenditure of power required 
to cOol lOp cub. ft. of air 50” with cooling or condensing water at 
a temperature of 80” Fahr. 

The priuciple.s involved in the proces.s are very simple, as will be 
readily .seen from the above. The main point is that the temperature 
of the substance or agent to be cooled must be raised aboVe that at 
which the water available for condensing purposes happens to be; the 
exact amount of this additional temperature must be regulated by the 
temperature at which it is required that the medium or agent should 
, 1 m on leaving the expansion cylinder. Another absolute necessity is 
the provision of a suitable cooling medium, such as water, which will 
take up the heat given oil' from the medium or agent to be cooled, 
whith cooling or condensing water can bo run to waste, or cooled 
for further use for the same puipose. 

Finally it must be borne in mind that all substances contain, more 
or less, heat; and that as heat cannot be created, nor yet can it be 
deslroyed, a body can only be reduced in temperature by the trans¬ 
ference oi more or less of its heat to another body. 

The abstraction of heat, therefore, from one body and its transfer 
to another, called the refrigerating or cooling agent, is naturally the 
main function of refrigerating and ice-making apparatus, and in order 
to ensure continuity of action, the refrigerating agent—the tempera¬ 
ture of which must necessarily bo lower than that of the substance 
upon which it is desired to act—must be either periodically renewed, 
or suitable means riiust be provided for the removal therefrom of the 
heat extracted or abstracted from the latter. That is to say, a 
continuously working machine comprises a heat-abstracting apparatus, 
and suits Me means for automatically renewing at the requisite intervals 
the.ceoliug agent or medium, or for the removal from the latter of 
the heat extracted from the body it is desired to cool, so as to enable it 
to be used over and over again in a continuous cycle. 

In short a refrigerating machine, in a few words, may be described 
as a heat pump. 
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The various inventions for refrigerating and ice-making that are 
now in use can be conveniently classified for the present purpose under 
the following five principal heads, viz.:— 

First, those wherein the more or less rapid dissolution or lique¬ 
faction of a solid is utilised to abstract heat. This is, strictly speaking, 
more a chemical process. 

Second, those wherein the abstraction of heat is efiected by the 
evaporation of a portion of the liquid to be cooled, the process being 
assisted by an air-pump. This is known as the vacuum system. 

Third, those wherein the abstraction of heat is efiected by" the 
evaporation of a separate refrigerating agent of a more or less volatile 
nature, which agent is subsequently restored to its original physical 
condition by mechanical compression and cooling. This is called the 
compression system. 

Fourth, those wherein the abstraction of heat is efiected by the 
evaporation of a separate refrigerating agent of more or less volatile 
nature under the direct action of heat, which agent again enters into 
solution with a liquid. This is termed the absorption system. 

Fifth, those wherein air or other gas is first compressed, then 
cooled, and afterwards pei-mitted to expand whilst doing work, or 
practically by first applying heat, so as to ultimately produce told. 
These are usually designated as cold-air machines. 



CHAPTER III 


THE LIQUEFACTION PROCESS 

Use of, by the Aneionts—Varions Machines Operating on tlie—General Laws 
Governing Production "f Cold by—Principal Freezing Mixtures. 

Liquefaction, or the utilisation of the more or leas rapid dissolution 
of a solid to abstract heat, is one of the most ancient methods employed 
for artificial cooliiio. The redaction of temperature of water and other 
liquids by the molting of an Itpctro is said to have been known in India 
at a very remote period, and it is on record that one Blasius Villa- 
franca, a physician of Romo, utilised it for this purpose as early as 
1550. The Romaip- are said to have cooled wine by immersing the 
bottle containing the latter in ‘h second vessel filled with cold water 
into which saltpetre was gradually thrown, whilst at the same time 
the bottle was rotated rapidly. Freezing water by the use of a 
mixture of snow or powdered ice and saltpetre was mentioned by 
L^tinus Tanoredus, of Naples, in 1607, and wine by means of snow 
and common salt by Santorio in 1626. This was also, in all probabUityi 
the method employed by the Esthonian tribe fop producing artificial 
cold, and freezing the dead, and liquids, as mentioned by Orosius about 
A.D. 400. 

To this class belong the numerous ordinary and well-known 
machines and apparatus employed for icing creams, lemonades, Ac., 
which usually consist of a tub constructed of wood into which a vessel 
containing the substance to be cooled or frozen is placed, and is 
surrounded by a frigorifio agent, such as a mixture of pounded ice or 
snow and chloride of sodium; or a combination of certain chemicals 
may be substituted for the former. 

“This method is also used on a more extensive scale for ice-making 
•and ‘cooling, but although ice can be produced on a commercial scale 
with improved apparatus, it is still more expensive than stiictiy 
mechanical methods. The best among the many forms of appaxatas 
for making ice on this principle are probably those of Toselli and 
Siemens. 
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In Toselli’s machine the frigorific agent consists of a mixture of 
ammonium nitrate and water, which produces a reduction ef tempera¬ 
ture of about 40° Fahr. The apparatus requisite is one of extreme 
simplicity, consisting merely of a vessel in which the solution of the 
salt is effected, and a can wherein are placed a number of moulds of 
different sizes, circular in cro.ss section, and formed with a slight taper. 
These moulds, previously filled with water, are inserted in the 
' freezing mixture, and a thin film of ice is formed round their edges ii; 
a few minutes; these slightly tapered tubes of ice are then withdrawn 
from the moulds, and placed one inside the other, thus forming a small 
stick of ice. The relative dimensions of the moulds are, of course, such 
as to form the ice tubes .suitably proportioned to admit of the above 
operation. 

In Siemens’ apparatus calcium chloride is employed as the frigorific 
agent. The dissolution of this salt in water produces a reduction of 
temperature of only about 30° Fahr., and to admit of this reduction 
being sufficient to produce ice with water at an initial temperature of 
65° Fahr., a heat interchanger is provided, wherein the spent liquor, 
which is at a temperature of about 30° Fahr., is employed to cool the 
water before it is mixed with the salt.' It will thus be seen that there 

t, 

will be a gain in reduction of temperature equivalent to the amount 
of this cooling action. The salt can be recovered by evaporation, and 
employed over and over again. This apparatus is stated to have 
worked well, producing ice on a large scale in a .satisfactory manqer, 
but owing to its Iwing on the whole found to be inferior, and more 
costly than purely mechanical methods of producing ice, it has never 
come into general use. 

In an American machine, wherein ammonium nitrate is likewise 
employed as the frigorific agent, cylindrical receptacles fitting one 
within the other, so as to leave annular spaces or clearances, are 
provided. The water to be frozen is placed in the centre, the frigo¬ 
rific agent in the annular spaces or clearances, so that.the first or 
outermost acts to cool the second, the second the third, and the third 
the fourth, and so on, the cold being intensified at the centre in 
accordance with the number of the annular spaces containing the 
frigorific agent. The series of cylindrical vessels or receptacles are 
arranged in a wooden outer casing so mounted as to be capable" of 
being slowly revolved, and thereby promoting the more rapid dissolution 
of the salt. This apparatus is analogous to that employed many years ■ 
ago on a small scale for laboratory experiments by Walker, and by 
°me^ of which he succeeded in sinking the spirit to -91° Fahr. 
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When anv of the al>ove uiethmls are etnployed for refi’igerating 
purposes, brine, prpvioii.sly cooled in the ajvparatu.s, is circulated in the 
usual manner through a .system of cooling jiipes. 

The general law governing the ))roduction of cold by frigorifio 
mixtures is, fhni during the liquefaction of a solid, a certain amount 
"of heat not indicated by, or .sensible to, the thermometer is absorbed, 
which heat is abstracted from any surrounding bodies. The ahsorp- 
yon of heat, con»(M(uently the, piuxluction of cold, in the environing • 
bodies is the more marked in proportion as the solid is more suddenly 
or rapidly -liquefied. 

The following observatioms on frigorific mixture.s are extracted from 
a paper* on “Kefrigorating and Ice-making Machinery and Appli¬ 
ances,” by Mr T. B. Lightfoot, C.E., M.I.C.E., who is a well-known 
authority upon the .subject: “ When a .substance changes ifo physical 
state, and pa-sses from the solid to the liquid form, the force of cohesion 
is overcome by the energy m the form of heat. The effect may be pro¬ 
duced without change in sensible temperature, if the heat be absorbed 
at the ,',ame rate as it is supplied from without.' Thus, as is well 
known, the tempers ture, of melting ice remains constant at 32° Fahr., 
an(^ any increase or decrea.se in' the. heat supplied merely hastens or 
retards the rate of melting without affecting the temperature. Mixtures 
of certain salts wiih water or acids, and of some salts with ice, which 
forin liquids whose freezing points are below the original temperatures 
of .the mixtures, do not, however, behave in this way; for under 
ordinary circumstances tho tendency to pas.s into the liquid form is 
so strong, that the heat is absorbed at a greater rate than it can be 
supplied from without. The store of heat of the melting substancies 
themselves is therefore drawn upon, and tho temperature consequently 
falls until a balance is set up between the rate of melting and the rate 
at which heat is supplied from outside. This is what takes place with 
ordinary freezing mixtures. The amount of the depression in tempera¬ 
ture appears to depend to some extent on the state or hydration of the 
salt, apd the percentage of it in the mixture. Almost the only salts 
u.sed are those of certain alkalies, few others pos.9essiug the requisite 
solubility at low temperatures.” 

T{ may be here observed that this method of refrigeration is now 
only interesting from an historical point of view, and is not suitable 
for modern conditions, so far as commercial undertakings are con¬ 
cerned. Practically, therefore, the process is now only employed for 
domestic purposes and in laboratories. 

* Proaediiuin, fiutitnlioii nf Mechanical Engineers, 1886, p. 201. 
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Table of Principal Freezing Mixtures. 


Composition of Freezing Mixtures (Materials previously cooledX 

Reduction of 
Temperature in 
Degrees Fahr. 

1^1 
g =>» 

lit 



From 

To 

Snow or poundecl ioe, 2 parts; muriate of soda, 1 part • 


-5 


Snow, 5; 

muriate of sodium, 2; muriate of ammonia, 1 • 


-12 


Snow, 24; muriate of sodium, 10; muriate of ammonia, 

5; nitrate of potash, 5 .... 


-18 


Snow, 12 

; muriate of smlium, 5 ; nitrato of ammonia, 5 • 


-25 


Snow, 4; 

muriate of lime, 5 • • - • 

+ 82 

-40 

72 

Snow, 1; 

chloride of sodium or common salt, 1 • 

+ 32 

0 

32 

Snow, 2; 

muriate of lime crystallised, 3 - 

+ 32 

-50 

82 

gnow, 3; 

dilute sulphuric acid, 2 - 

+ 32 

-23 

55 

Snow, 3; 

hydrochloric acid, 5 - 

+ 32 

-27 

69 

Snow, 7; 

dilute nitric acid, 4 - • • - 

+ 32 

-30 

62 

Snow, 8; 

chloride of calcium, 5 - 

+ .32 

- 40 

72 

Snow, 2; 

chloride of calcium crystallised, 3 

+ 32 

-50 

82 

Snow, 3; 

potassium, 4 • • - • - 

+ 32 

-51 

83 

Snow, 2 

chloride of sodium, 1 - 


- 5 

... 

! Snow, 5 

chloride of sodium, 2: chloride of ammonia, 1 


-12 

... 

Snow, 14; chloride of sodium, 10; chloride of ammonia, 

5; nitrate of potassium, 5 ■ - 


-18 


Snow, 12 

; chloride of sodium, 5 ; nitrate of ammonia, 5 


-26 


Snow, 2 

dilute sulphuric acid, 1; dilute nitric acid, 1 • 

-io 

-66 


Snow, 12 

; common salt, 6 ; nitrate of ammonia, 5 

-18 

-25 

7 

Snow 1; 

muriate of lime, 3 - ■ - - 

-40 

-73 

33 

Snow, 8 ; dilute sulphuric acid, 10 • • - 

-88 

-91 

23 

Chloride of ammonia, 5; nitrate of potassium, ; water, 16 

+ 50 

+ 4 

46 

Nitrate of ammonia, 1; water, 1 - 

+ 50 

+ 4 

40 

Chloride of ammonia, 5; nitrato of potassium, 5; sulphate 
of sodium, 8; water, 16 * - - • 

+ 50 

+ 4 

46 

Sulphate of sodium, 5 ; dilute sulphuric acid, 4 • 

+ 50 

+ 3 

47 

Sulphate of sodium, 8 ; hydrochloric acid, 9 

+ 50 

0 

60 

Nitrate of sodium, 3 ; dilute nitric acid, 2 

+ 50 

-3 

53 

Nitrate o£ ammonia, 1 ; carbonate of sodium, I; water, 1 

+ 50 

-7 

57 

Sulphate of sodium, 6 ; chloride of ammonia, 4 ; nitrate 
of potassium, 2 ; dilute nitric acid, 4 - 

+ 50 

-10 

80 

Phosphate of sodium, 9; dilute nitric acid, 4 

+ 50 

-12 

82 

Sulphate of sodium, 6 ; nitrate of ammonia, 5 ; dilute 
nitric acid, 4 • 

+6D 

-14 

64 

Phosphate of sodium, 5 ; nitrate of ammonia, 3 ; dilute 
nitric acid, 4 - - ■ • • . * 

0 

-34 

.34 

Phosphate of sodium, 3; nitrate of ammonia, 2 : dilute 
nitric acid, 4 - 

-34 

-60 

16 

Snow, 3 

muriate of lime, 4 ■ • • - 

muriate of lime oryetallised, 2 - 

+20 

-48 

68 

Snow, 1 

0 

-66 

66 

Snow, 2 

mnriate of lime, 3 - - ■ - 

-16 

-68 

63 . 

Snow, 8 
Snow, 3 

dilute sulphuric acid, 3 ; dilute nitric acid, 3 • 

-10 

-56 

46 

dilute nitric acid, 2 • • • • 

0 

-46 

46 

Snow, 1 

dilute sulphuric acid, 1 > 

-20 

.,-60 

40 

Snow, 2 

muriate of lime oryetallised, 3 - 

-40 

-73 

38 

Snow, 8 

dilute Bulphnrio acid, 10 - ■ ■ 

-68 

-91 

23 


T 








CHAPTER TV 

THE VACUUM PKOOESS 

Prinoi{>I;s of—First Machine Working on — More Recent Types of Machines 
Working on. 

The abstraction o£ heat by the evaporation of a portion of the liquid 
to be cooled, the process being assisted by an air-pump, or the vacuum 
process, includes all such machines as operate to extract" heat by 
the evaporation or vaporisation of a portion of the water or other 
liquid to be cooled or frozen. 

The cooling of liquids on this principle depends upon the conver¬ 
sion of the sensible heat into latent heat during evaporation, and, in 
its most primitive form, its use is almost co-existent with that of the 
world, having been commonly employed for refrigerating purposes in 
all ages. It is obvious, however, that as a portion of the liquid to be 
cooled is permitted to go to waste, it can be only profitably applied 
direct to liquids of little or no value, such as water. 

A common example of this method in its crudest form is found in 
the ancient plan, so universally adopted in hot climates, of cooling 
water by the evaporation of a portion of the contents of a porous 
jar or vessel from the outer surface thereof, by hanging the vessel 
in a position where it will be subjected to either a natural or an 
artificial draught. 

It is stated tliat the practice of procuring ice by exposing water 
to the night air in shallow porous vessels has been practised in India 
during the cool season from the remotest ages. The vessels are 
placed on a bed of straw, cornstalks, or megass (crushed cane stalks) 
in shallow excavations made preferably in an exposed situation on an 
extensive plain, being filled with water to be congealed or frozen,’ and 
in*the' morning, provided the night be clear, are found covered with 
thin drusts of ice. 

■ This process is also said to have been practised, both in France 
and ill country, in the latter part of the last century, with perfect 
success, so far at least as the production of ice was concerned, but it 
failed commercially bys reason of the large expenses entailed. 

as 
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The fu'st machine on tlie vacuum principle for the production of 
artificial ice by the conversion of sen.siblo into latent heat by evapora¬ 
tion, of which there is any record, was that invented by Dr Cullen 
in 1755, who in that y(far made th(> discovery that the' evaporation of 
water could be facilitated by the removal of tbe atmospheric pressure 
by means of an air-pump, to .such a degree as to enable him to freeze 
water oven in summer. 

This apparatus was the paremt of all those subsequently de.signpd 
for cooling and congealing liquids by their own evaporation in vacuo, 
that is to say, wherein the vapour is drawn off from the partial vacuum 



Fig. 4.—Carry’s Sulphuric Acid Vacuum Freezing Machine. Vertical Section. 

. wherein it is formed, and is condensed in another partial vacuum ■with 
or without the help of absorbents, and is expelled by procure. 

In 1777, Nairne found that, by the introduction of sulphuric acid 
into a receiver for the exhaust, the aqueous vapour could be absorbed 
from the rarefied air and the latter dried; and by taking advantage 
of this discovery he was enabled, in 1810, to construct an apparatus 
wherein he got rid of the. vapour that rose from the water, and thus 
prevented it from forming a permanent atmosphere, and hindering tlie 
continuity of the operation. 

Further attempts were made by Leslie (1810), Vallance (1824), 
Kihgsford (1825), and others, but without any‘much greater' success 
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attending their efforts, Edmond Carre’s sulphuric acid freezing machine 
being the first to bo Commercially auccessiful. 

This appal'atus, acting to refrigerate by evaporation and rarefaction, 
and which was_adapted to pi-oduce the carqfex frappes commonly used 
in Parisian eaten and restaurants, consists, as shown in Fig. 4, of a 
cylindrical vessel. A, intended to contain the charge of concentrated 
sulphuric acid; an air pump, b, so arranged that it can be connected 
to the mouth of the carafe, and of an agitator, c, which is so coupled 
to the air-pump lever that it will be operated during the working of 
the piinlp in such a manner as to keep the sulphuric acid in the 
cylindrical ^'essel a continually in motion. 

The machine of course only operates intetmittingly, but the large 
body of .sulphuric acid used in the vessel A prevents a rapid loss of 
aksorptivo power taking place through dilution, and the Agitation 
obviates the formation of a more diluterl stratum on the surface, which 
would be highly detrimenta I to the proper working of the apparatus. 

The chief drawback to this machine, besides its intermissive action, 
f i the difficulty experienced in maintaining the pump in good working 
order, and the various joints all perfectly gas-tight. 

Franz Windhausen patented in 1878 a compound vacuum-pump 
desigSed to produce ice directly from water without using sulphuric 
acid; and likewise a modified arrangement wherein sulphuric acid 
could be employed. Tn this latter apparatus the sulphuric acid is 
cooleJ by water whilst absorbing the vapour, and is subsequently 
concentrated, when it becomes over-diluted, thus obviating the necessity 
for the insertion of a fresh supply of acid. 

An improved form of this machine constructed in 1881, nominally 
capable of producing from 12 to 15 tons of ice per twenty-four hours, and 
which was first put up at the Aylesbury Dairy, Bayswater, London, 
and afterwards removed to Brompton, was fully descrilied at the time 
in a paper * written hy Dr Hopkinson. 

The ice-forming vessels or moulds, which are six in number, are 
constructed of cast iron, circular in transverse section, and slightly 
tapered, These cans, moulds, or cases moreover are steam-jacketed, 
so as to admit of the ice being melted or thawed off and readily dis¬ 
engaged therefrom, and are provided at their lower ends with hinged 
doors, which, when closed, form fluid-tight joints. 

The sulphuric acid is contained in a long cylindrical vessel wherein 
rotating agitators maintain the acid in continual motion during the 
operation of the apparatus, and the cylindrical vessel is water-jacketed 
* Jourmd of the Society of Arte, 1882, vol. xxxi., p. 20. 
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so as to carry off the greater portion of the heat that becomes liberated 
. during the absorption of the vapour. 

The sulphuric acid cylinder or vessel communicates With the upper 
parts of the ice-forming vessels or moulds, and with the vacuum-pump, 
which latter has two cylinders, viz., a large double acting one and a 
small single-acting one. 

The water is admitted to the moulds through nozzles at a regulated 
rate, the fine streams offering an extended surface for evaporation, 
and becoming instantly congealed into ice globules or particles which, 
falling into the bottoms of the moulds, are frozen, together with the 
water that collects there. 

In the operation of the apparatus the air, and any vapour that may 
pass over from the sulphuric acid cylinder or vessel, are drawn into 
the large pump-cylinder, by which they are slightly compressed and 
passed on into the condenser, wherein a portion of the vapour is 
condensed by cold water, the rest, togetlier with the air, entering the 
second or smaller pump-cylinder, where they are compressed up to 
the tension of the atmosphere and discharged. This pump, it is stated, 
admits of a vacuum of half a millimetre of mercury being constantly 
maintained; mm., however, being as low a vacuum as it is found 
necessary to have during actual work. ' 

By the employment of a compound pump with an intermediate con¬ 
denser, and performing the compre.ssion in two distinct .stages, the 
losses that would otherwise occur from the clearance spaces in the 
large pump are greatly reduced. 

The concentrator for the diluted sulphuric acid consists in a lead- 
lined vessel or receptacle fitted with a steam-heated coil of lead piping 
and connected with an ordinary air-pump. The acid is transferred 
from one .vessel to the other by atmospheric pressure, and the diluted 
or weak acid, which is at a comparatively low temperature, is heated 
on its way to the concentrator in an interehanger, by the strong 
■ concentrated acid returning from the latter. 

The ice produced by this machine, like that of all those on the 
vacuum principle acting direct, is in an opaque ‘and porous condition; 
and the avoidance of this defect, and the production of clear trans¬ 
parent crystal ice by freezing it in moulds plunged in brine previously 
cooled by evaporation in a vacuum, would render the process too 
expensive to be commercially successful. 

The total amount of water that is used in working is from 10 to 13 
tone per ton of ice, and the fuel 180 lbs. of coal to each ton of ice 
produced; the latter is employed in raising Ahe requisite supply of 
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eteam for driving the pumps, and heating the coil in the sulphuric 
acid evaporator. 

Fig. S is" a vertical central section partly in elevation showing 
Lange’s improved pump for exhausting the air from the absorber of 
a vacuum machine. As will be seen from the drawing, three pistons, 
A,* B, and 0, are employed, placed in line one above the other, and 
working in three superimposed cylinders. The valves are so arranged 
that each of the uppermost cylinders draws from the one below, and 
they are sealed with oil, which latter constantly circulates through the 
pump.' "The mixed oil and air, on leaving the top or uppermost 



Fig. 5. —Lange’s Exhaust Pump for Vacuum Freezing Machine. Vertical Section. 

cylinder, is discharged into a separator D, the air being permitted to 
escape into the atmosphere, and the oil passing into a receptacle from 
which j,t can be returned to the pump when required. 

The vacuum apparatus for the refrigeration of a liquid by its par¬ 
ti*! evaporation, for which James Harrison took out a patent in 1878, 
is designed to produce opaque ice at a very low cost (about one shilling 
per i(&), by reducing the fuel consumption, wliich, as already men¬ 
tioned, is the chief item of expense. This is proposed to be effected 
by getting rid of the bulk of the friction engendered in the usual 
vacuum and sir pumps, and also by a saving of the fuel expended in 
concentrating the we^ or diluted sulphuric acid in the previously 
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described apparatus. The main feature of Harrison’s invention is the 
process of refrigerating by the evaporation of the liquid to be cooled 
or congealed, by carrying its vapour under a head of neutral non- 
evaporable liquid, condensing the compressed vapour at the ordinary 
temperature, and removing the resulting liquid and air by a pump. 

One form of his apparatus consists in a rotating pump or cylinder 
which seems to provide a ready means of exhausting large volumes 
of low tension vapour, without the expense of the labour entailed in 
maintaining ordinary piston packings in an effective condition, and 
the great loss through friction therefrom. This device consists, as 
will be seen from the sectional diagrammatical view. Pig, 6, of an 
iron cylinder, rotatably mounted horizontally ujani hollow or tubular 



Fig. 6.—Piagram illustiating Harrison’s Rotating Exhaust Pump or Cylinder. 

shafts or axles, and divided internally into different compartments 
by longitudinal partitions of an L shape in transverse section. This 
cylinder is connected through one of the hollow shafts or axles with 
the refrigerating or ice-making vessels or moulds, which may be of 
any convenient form, and it is partly filled with oil or other liquid, 
which latter must invariably be either 'non-ev^porable or one which 
is only vaporisable at a temperature greatly in excess of that at 
which the refrigerating liquid can be vaporised, and it must,, more¬ 
over, be perfectly neutral chemically to the vapour with which it 
will be brought into contact when the machine is at work. 

The operation of the apparatus is as follows, viz.;—The cylinder 
rotates upon one of the fixed hollow axles, through whiqh the vapour 
or gas to be compressed is delivered from the refrigerator or ice-making 
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vessels, and the longitudinal partitions or compartments moving round 
with their apertures downwards carry with them charges of the 
vapour, 4nd compress them to a degree varying in accordance with 
the depth to which they dip below the surface of the liquid. After 
attaining the lowest position the compressed vai)Our is liberated, and 
rises into a fixed hood or inverted channel, situated centrally and 
communicating with the other hollow shaft or axle, which is placed 
at the other side of the cylinder, through which it passes to a surface 
coildenser. 1 11 this surface condenser the compressed vapour is partially 
condensed, both by direct cooling action and also by the evaporation 
of water flow ing over the surface, and the co:idensation water, together 
with any air present, is then compressed to the atmospheric tension 
and discharged. 

Several modifications are also described, viz. :—-First, a series 
of buckets attached to endless chains dipping into a raservoir of the 
compressing liquid, and deliveri>!g the compressed gas or vapour into 
a reservoir. .Secondly, a gasometer-shaped vessel, rising and falling 
in an annular space filled with a non evaporable neutral liquid. The 
ve3.sel, on being lifted, becoming filled with the air or vapour, and on 
being depressed delivering it under a head of liquid. Thirdly, a 
tapering archimedean screw working in a reservoir of non evaporable 
neutral liquid by which the vapour is taken in at the larger upper 
orifices, and is discharged, compressed, and liquelied at the lower or 
smallci' end. Fourthly, pumps with actuated valves and with 
arrangements for complete expulsion of air and vapour. And finally, 
fifthly, Uns working in the air or vapour, and forcing it from one 
compartment into another, 01 exhausting it and forcing it into the 
atmosphere. 

A patent was obtained by Blyth and Southby some years back for 
a v.,cuum refrigerating machine of great simplicity of design. The 
main feature of their apparatus consists in the provision of two 
pumps, viz., a large main pump and a small auxiliary one, the former 
being heated by means of a steam jacket or otherwise. 

The' large, single-acting, steam-jacketed vapour pump is driven 
by a crank, which is situated beneath, and is enclosed in a suitable 
cyliridriiul casing or chamber, ha:ving at one side a door or cover, 
i4m\ttiing of access thereto, and so arranged that when closed it 
forms a gas-tight joint. The crank is driven by belt gearing from 
any suitable source of motive power, and the pulley for the latter 
is fixed upon the end of a shaft or spindle passing through a stuffing 
box provided upon thj opposite side, or wall, of the crank chamber, 
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to that fitted with the door or cover. A heavy balanced fly-wheel 
is also mounted upon the crankshaft, and is enclosed within this 
chamber, which, as above mentioned, is made perfectly fluid tight. 

The ice box is fitted with an automatic feeding arrangement for 
filling the ice can or case with water, which mechanism is operated 
by an eccentric upon the crankshaft, and the box is connected with 
the pump through a pipe governed by a stop-cock or valve, a similar 
cock or valve being also fitted in the pipe leading to the cooling 
vessel, and another suitable valve in the vapour exit to the condenser. 

A double-acting air or ejector pump worked off the eccentric is 
moreover provided for removing the air from, the interior of the 
machine, and a vacuum gauge for ascertaining the degree of vacuum 
produced. 

* The operation of the machine is as follows, viz.;—Any air that may 
be contained within the large pump cylinder is first pumped or drawn 
off by the small air or ejector pump, thereby producing a vacuum 
which is filled by vapour from the water to be frozen or cooled. The 
large single-acting pump, which draws the vapour from the water 
through a suction valve situated in the piston, compresses this vapour 
and delivers it through the outlet or discharge valve to the condenser, 
where it is condensed by water in the usual manner, is removed by 
the small air or ejector pump, together with any air that may have 
passed into the machine through leakage, and is discharged into the 
atmosphere. The vapour is prevented from condensing in the cylinder 
by the steam jacket, which maintains the temperature of the cylinder 
above that at which the vapour will condense into water. Were this 
not the case, and were the vapour permitted to condense in the 
cylinder, the quantity to be discharged would be so small as not to 
be capable of bejng forced through the delivery or outlet valve. 

When starting the machine, communication between both ends 
of the vapour pump cylinder can be kept open for any lequisite length 
of tjfne during the first portion of the delivery stroke, so as to permit 
the air to return to the underside of the piston, and thereby lessen and 
regulate the expenditure of power required in getting up the vacuum. 
This is effected by means of a bye-pass and valve, which can be opened 
at starting, and kept open for about nine-tenths of the piston stroke, 
being closed gradually as soon as the vacuum becomes more pferfect, 
.and altogether as soon as all the air has been got rid of. The average 
pressure upon the piston is light, not exceeding about onq-sixth of a 
pound. ' ^ 

Jn alj the above arrangements, a portion of the refrigerating agent 
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itself, togetliei' with the heat it has absorbed, is rejected, consequently 
water, as the only one sufficiently inexpensive, is invariably employed. 
Water has af boiling point of 212° Fahr. at atmospheric pressure, a 
latent heat of vapour of 966'G and a tension of vapour of 0-G23, and 
having so high a boiling point it requires a vacuum of ’089 lb. per 
square inch to boil at a temperature of 32° Fahr., and consequently a 
vacuum at the very least as high as this must be maintained to produce 
ice by the vacuum process. 

An improved form of Carre’s sulphuric acid freezing machine, 
adapted to be operated by hand power, is manufactured in this country 
by the Pulsomcter Engineering Co., Ltd. London. 

This machine is made in four sizes. The two smallest sizes only 
admit of very small quantities of ice being made, but with the two 
larger sizes, upwards of 7 lbs., and from 20 to 30 lbs. of ide can Ife 
made respectively in a day and with the largest-sized machine about 
80 lbs. per day. 

It is claimed that the acid, after use in these machines, is especially 
suit able for use in soda-water making machines, as having been diluted 
slowly it has lost the bent generated by the mixture of acid and water, 
and is consequently ready for immediate serviic. 




CHAPTER V 

THE COMPJIESSION J'liOCESS Olt SYSTEM 

Early History of—Principles of—Cycle of Oporatio.ns obligatory in—Improvf- 
mems in—'Etlier Machines —Snlphnrons Acid Machines-Carbonic Acid 
Machines. 

So far the refrigeration lia.s been effected by evaporation, tlie air gain¬ 
ing access under natural condition-s, or by an artificial draught, or the 
evaporation has been accelerated by re<lucing the atmospheric pressure, 
the latter operation being next .still further facilitated and rendered 
practically continuous by providing for the absorption of the vapour 
given off or evolved by means of an absorbent, such as .sulphuric acid. 

More volatile liquids, however, are employed ns agents, such as, for 
instance, alcohol, sulphurous and carbonic acids, bisulphide of carbon, 
gasoline, ether, inethylic and sulphuric (dher, carlwin bisulphide, methyl 
chloride, ethylene, anhydrous ammonia, Picteau fluid, &c. 

In the’ year 1755, Dr Cullen found that, by removing the atmos¬ 
pheric pressure, ether and other liquids which boil at low temperatures 
would evaporate at temperatures below freezing point, with sufficient 
rapidity to congeal water brought into contact with the exterior surfaces 
of the vessels or receptacles wherein they were contained. 

In a refrigerating and ice-making apparatus invented by Jacob 
Perkins about the year 18.34, compre-ssion was first introduced, the 
.volatile liquid used, according to Sir Frederick Bramwell, being one 
derived from the destructive distillation of caoutchouc. .This inven¬ 
tion of Perkins’ is the origin from which has sprung all those machines 
operating upon the compres.sion principle; that is to say, by the ab¬ 
straction of heat by the evaporation of a separate refrigerating agent 
of a more or less volatile nature, which agent is subsequently restored 
to its original physical wndition by mechanical compression .and 
cooling. 

Perkins’ apparatus is shown in Fig. 7 in side elevation, paHly in 
vertical section, and consists simply, as will be seen from' the illustra- 
tiouj in a jacketed pan, a, clothed externally with non-conducting 

34 
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material, and a pump, n, connected to the. upper part of the jacket, and 
to the first or uppermost convolution of a coil or worm fitted in a tank 
or vessel, c, wherein coolinj,' water can l)e freely circulated, and the 
last or lowernvtst convolution of which coil or worm is connected to 
the lower part' of the jacket. The water to be frozen is placed in 
tlie jacketed pan, the spa<'C or clearance between the latter and the 
jacket bein" partially filled with the di.stillate from caoutchouc, or the 
ether, oi' othei' volatile liquid inUuuh'd to form the refrifterating agent. 
The vapour given off or evolved from the vohitile liquid contained in 
this space or clearance is <!rawn off from the top by the pump n, and 
is delivered compressed to the water-cooled worm or coil, which is 
.shown by dotted lines in the tank c, wherein it i.s again liquefied and 
returned from the Iwttom of the latter to the lowei- pai't of the space 
or clearance. The complete cych^ of operations is thus continuous. 



Fig. 7.- -Perkins’ Early Typo of Compression Machine. 


and the only loss of the volatile liquid used as a refrigerating agent 
that i.s possible is that which may take place through leakage. 

Tlie system ot absuibing heat and thus producing cold, partly by 
the expansion and vaporisation or gasifying, and .subsequent liquefac¬ 
tion, and partly by compression and cooling, is in accordance with the 
well-known law of physics, viz., that all gases during the process of 
passing frofn a liquid to a gaseous state are bound to absorb a certain 
amount of heat, and whilst returning from a gaseous to a liquid state 
to give up ()•■ throw off the same amount of heat. 

WhAtever the refrigerating or heat-absorbing agent that may be 
U3ed,'tiie following cycle of operations is obligatory in all machines 
working upon this principle, viz.;— 

First, compression, that is the refrigerating or heat-absorbing agent 
* in gaseous form, is subjected to a pressure sufficient to reduce it to 
a liquid form, this pressure varying with the nature of the agent 
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and the temperature of the condensing water. During this compre.s- 
sion, a degree of heat Is developed in accordance with the amount of 
pressure to which the gas is subjected, or to the volume to which it 
has to be reduced relatively to that of the gas, in order to produce 
liquefaction. This heat is carrie<l off hy means of condensing or 
cooling water. 

Second, condensation, during which process the heat developed 
during the above-described compreasion of the gas is carried away 
by forcing the latter through water-cooled pipes, the heat being 
transferred to the cooling water. At this point the gas is ready to 
assume the liquid form, in doing which an additional amount of heat 
is given off to the water. 

Thiid, expansion, during which the liquefied gas is admitted to 
series or coils of pipes, and being suddenly relieved of pressui'e, 
instantly flashes or expands into a gaseous form; in doing which, 
according to the above-mentioned law of physics, it is forced to absorb 
or take up a quantity of heat which it renders latent, and which it 
draws from the surrounding objects, viz., firstly, of course, the pipes or 
coil wherein it is confined, and secondly, such subsstances as may be 
brought in contact with the latter, and which it is desired to cool, as 
air, water, brine, &c. 

The amount of heat thus abstracted or absorbed is equal to that 
previously given up to the cooling water in the condenser, the gas 
being then ready for compression, &c., and the cycle of operations can 
thus be repeated ad infinitum. 

These three operations being essential, all machines of this class, 
however much they may differ in more or less important points of 
detail,- must perforce consist of the three main parts shown in the 
diagram. Fig.' 8, viz.:— 

First, a compressor. A, wherein the gas is compressed in some 
suitable and convenient manner. 

Secohd, a condensing side, b, wherein the gas circulates through 
water-cooled pipes or coils or their equivalent, gives off its heat, and 
liquefaction takes place. 

Third, an expansion side, c, consisting of pipes or coils, or other 
space, wherein the gas can re-expand and perform its work of cooling 
or refrigerating, by abstracting heat in the above-described manner 
-from the surrounding objects, n is a regulating valve, b is the low 
pressure gauge, and *• is the high pressure gauge. 

' It will be seen that the heat only that lias been acquired by tlie 
.-lefri^rating agent is rejected, the latter bekxg used over and orw 
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again, the only loss, Uierefore, is that sustained through accidental 
leakages. 

Such liquids only, however, are capable of being used as refrigerating 
agents as posse.ss vapours capable of being liquefied under pressure at 
ordinary temperatures. Hence, owing to the latter operation being 
an absolute essential, it is generally known as the compiession process. 

The next attempt at improvement in these machines was made by 
Pj’ofc.ssor Twining, who obtained a patent for his invention in this 
country in 1850, and in the United States in 1853. His apparatus 
comprises an exhaust or expansion vessel, a pump, and a condenser. 
The water to be frozen is placed in chambers or cells situated between 
thin metal pipe.s, plates, or partitions, through which circulates the 



h'ig. 8.—Diagram Tfiastrating the Operation of a Refrigerating Machine on 
the Compression Principle. 

vapour evolved from a suitable volatile liquid, such as ether, sulplude 
of carbon, (fee., which vapour is drawn off by an air-pump, compressed, 
condensed in a coil or worm, cooled by water, and is then returned to 
the reservoir, in which it is once more vaporised in a manner substan¬ 
tially similar to that of Perkins’. In fact, as already intimated, all 
machines of tins class are bound to operate upon the same principle 
as that of the latter inventor, and can only differ therefrom in details 
of construction of more or less importance 

It is stated that a machine of Twining’s, of a capacity designed to 
produce 2,000 lbs. of ice in twenty-four hours, was in operation in IfiiJS, 
in CSeveland, Ohio; and that, although working under someudiatj 
serious disadvantages,* it did actually produce 1,600 lbs. of iee’ per/ 
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twenty-four hours in u tolerably satisfactory manner, and was in use 
off and on for about throe year's. 

Another machine, which comprises certain further improvements 
on Perkins’ apparatus, wa.s invented and patented by James Harrison 
in the year 1856. 

The novel feature claimed especially, in Harrison’s compres.sion 
machine, is the evaporation of volatile liquids in vacuo, and the reduc¬ 
tion to a liquid form in a separate vessel by pressure. The essential 
parts of his apparatus consist of three vessels connected by tubes, a 
vacuum being established thi'oughout the apparatu.s, and the air being 
expelled by the vapour of ether, ammonia, or other volatile liquid. 
The first vessel is charged with the volatile liciuid; the .second vessel 
contains a pumping and compressing apparatu.s, by means of which 



the vapour is withdrawn from the first vessel and forced into a third ; 
and the third or last vessel is immersed in water or kept moist, so that 
the heat generated by the compression and liquefaction of the vapour 
may bo. carried off. The resulting liquid passes into the first ve.ssel 
to be again evaporated under diminished pressure, and again with¬ 
drawn, compressed, liquefied, and returned, the process being capable 
of indefinite prolongation, until the apparatus be either injured or 
becomes worn out. 

The general arrangement of an improved Harrison machine 'con¬ 
structed by Siebe Gorman & Co., is shown in side elevation in Fig. il, 
wherein A is the steam-engine cylinder; n is the pump or compression 
cylinder, which is kept cool by a suitable water jackei; c is the 
refrigerator, which consists of a copper cyliiidir, fitted with sets of 
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copper tubes arranged liorizontally; i) is the ether liondeiiser, which 
is composed of sets of copper tubes also arranged liorizontally in a 
wooden tanE or casing, and cooled by a circulation of water. 

Suitable c<,Hinections are provided between the refrigerator c, pump 
B, and condenser a 

The refrigerating agent employed in thi.s apparatus is sulphuric 
ether, which is the result of the action of sulphuric acid upon vinous 
alcohol, and whicli has a specific gravity of 0'720, a latent heat of vapor- • 
isation of 1C5, a specific gravity of vapour of 2’24 as compared with air, 
and file boiling point of which is S((!° Falir. at atmos])heric tension. 

The liquid sulphuric ether is delivered from the condenser n to the 
refrigerator 0 , through a pipe fitted with a stop-cock, by means of 
which the amount admitted can be nicely adju.sted to the capacity of 
the pump 11 . The weigdir of ether capable of being drawn off by file 
pump n is dependent ui«m the pressure at which evaporation takes 
place, as it is perfectly obvious that the denser the vapour, the greater 
♦ he weight draw'ii off at each stroke of the pump. 

In ordci to eirsure this apparatus working uji to its fullest capacity 
the boiling point of the sul])huric ether must be .so regulated as to 
impart the exact reduction of tcinperatiire desired, consequently the 
pressure at which evurporation is caused to take place depends upon 
the degree of temperature to which it is required to lower the brine. 

The amount of water required to be passed through the ether 
condenser u, for cixiliiig purpose.s, naturally varie.s in different climates, 
and in a^ ’ordance with the season of the year; in this country it is 
stated to bo about 150 gals, per hour for each ton of ice produced 
per twenty-four hours. The liquefaction ot the vapour is said to take 
place with cooling water at the temperature usually obtainable here at 
a pressure of some 3 lbs. per square inch almve that of the atmosphere; 
in a hot climate, however, a very much higher pressure is required, 
rising sometimes to as much as 12 lbs. above that of the atmosphere. 

The apparatu.s, when employed for making ice, is provided with an 
ice-making tank, usually fitted with copper moulds; or, when used for 
I'ld'rigerating purposes, it may he connected with a system of cooling 
pipes., T'bi irine circulation is maintained by means of a suitable 
pump," and the brine, whicli is, as a rule, reduced to a temperature 
ot about 10° Fahr. during its passage through the sets of tubes in the 
refiigerator c, is returned, after circulation, to the refrigerator to 
be re-cooled. The sets of tubes in the refrigerator are so arranged 
that the brine to be cooled circulates through tlieni successively, being 
thus gradually reduced in temperature. 
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When employed for cooling water or other liquids, the liquid 
is usually passed at once through the refrigerator o in place of the 
brine. 

In Charles Tellier’s apparatus, which was designed some years later, 
the refrigerating agent employed is methyiio ether, which liquid has a 
latent heat of vaporisation of 473, and which enters into ebullition at 
tension of the atmosphere at a temperature of from 20° to 25° below zero 
Fahr., whereas sulphuric ether, employed in the improved Harrison 
machine, as before mentioned, boils at 96“ Fahr., a difference of about 
121 °. 

Methylic ether is the result of the action of sulphuric acid upon 
ligneous alcohol, that is to say, alcohol distilled from wood. To obtain 
methylic ether, sulphuric acid is mixed with ligneous alcohol in equal 
proportion, and heated until the ether is evolved, carrying with it a 
number of bye-products, such as sulphurous acid, carbonic acid, and 
empyreumatic vapours, which must be eliminated by passing the impure 
vapour through or over liquids, <Sic., by which they will become ab¬ 
sorbed and retained. For instance, by passing the adulterated vapour 
over potash, the carbonic and sulphurous acids will be retained by 
the alkali, the aqueous vapour being at the same time carried away 
mechanically. 

In the distillation of methylic ether on a large scale, a great diffi¬ 
culty would be expei'ienced, under ordinary conditions, in getting a 
liquid, having so low a boiling point as — 25° Fahr., to flow through 
the requisite pipes. To overcome this difficulty, Tellier designed the 
special apparatus illustrated in sectional elevation in Fig. 10, wherein 
the vapour, after purification, is brought back to a liquid state by 
pressure, and is thus rendered manageable. 

In the drawing. A, B, c are large cast or wrought iron drums or 
receivers; n is the purifier; e is a special pump which sucks off the 
purified vapour and delivers it through the worm p in a liquid state 
'into a set of receivers o, which latter are capable of withstanding a 
very high pressure, and from whence it can be drawn off, and will, 
flow through the rest of the apparatus as easily as water. 

Tellier’s apparatus for the production of cold is shown in elevation 
in Fig. 11, wherein a is the refrigerator; b is a receiver or vessel in 
which the methylic ether is.evaporated; c is the pump for drawii^ off 
the vapour from the latter; and n is the condenser, which is fitted with 
a suitable worm or coil. The vaporised methylic ether is either em¬ 
ployed to lower the temperature of a solution of brine, by passing it 
through a series of tubes situated in the ref iterator and plunged in 
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tto ktter; or it is carried on and permitted to expand in a 'suitable 
Hystem 0 / pipes, and so act direct to reduce the temperature of ^ 





£ L ‘he pipes leading 

ftste become coaM with hZ 

frost, whilst, on the contrary, when giving up the absorbed ImatduJ^; 
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compression and liquefaction, the gas raises the tubes to a very high 
temperature, sometimes even approaching to a rediheat. , 

Tlie liquefaction of the methylic ether in the worm or coil of the 
condenser n gives I'ise to a certain amount of pressure, and to allow 
for this, and at the same time to permit a supply of the liquid to pass 
from the condenser to the evaporator n as required, an expansion 
valve or distributor, the construction of which will ho readily under¬ 
stood from the enlarged sectional view. Fig. 12, i.s employed, k is 
the aperture through which the liquid methylic (sther is delivered to a 
small chamber or recess K. <; is the outlet aperture, the upper portion 

of which is’ bifurcated as shown at 
o', and which communicates with 
the refrigerator, ii is a valve 
having two recesses h', which 
corre.spond with the holes or ajjer- 
tures «*, and which valve is 
mounted on a spindle i, which is 
capable of being rotated through the 
bevel or mitre gearing K, and shaft L, 
and works upon a .suitable seating 
in the bottom of the recess or 
chamber F. During the revolution of 
the valve h in the chamber F, which 
latter is always maintained fgll of 
liquefied methylic ether, the recesses 
h' become filled with the latter, and 
every time that the recesses register 
with the corresponding holes or ways 
o', the liquid contained therein falls 
by gravity into the latter and passes 
"away to the refrigerator through the outlet o. 

About the same time as the preceding, an ether machine was 
patented by Della Beffa and West, which comprised a multitubular- 
refrigerator in which the ether was volatilised, a double-acting air or 
■vacuum pump exhausting this vessel and pumping the ether vapour 
into a condenser; and likewise a special form of the latter fbr con¬ 
densing the ether vapour. - ' ' 

The following particulars regarding an ether machine are given* by 
Mr Lightfoot as being the result of actual experiments made in this 

* Procf.ediuijs, Imlitution of Mtchanical Hiiyitxerg, 1886, p. 214. 
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Fig. 12.—Expansioi) Valve or 
THstributor i>f Telhor's Methylic 
Ether Machine. Vertical Section. 
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country, ami serving to show what may be expected under ordinary 
conditions:— 

I 

I’l'oduction uf ice per twunt\*foiir luHuv • • 15 tons. 

,, . per huur . . - . l,4W>lbH. 

Heat tod m icu-niakiug, per ht>ur - 245,IMK) units.* 

• JiKbcatecl li()rso-]M>wor in sttsam eyhiider, e\t lu<hng tliat 
required fni ujt ulaling the cooling water and for 
woiking cranes, &c. . - . - • 

^ Indicated lioi‘•e-ptnver in etlier pam[) - 40\ I.ll 1*. 

Tlierinal e<iuivalent of work in »‘thcr jiuiiip, per Imui 1units.* 

Fliitio of ^vork in pump to work III Kte-inaking - 1 to2*05. 

Temperature ot water cnttM mg condenser • • 52''Fahr. 

Mr Fraiericb Colyor, C.E., M.T.C.E., statesf tliul lie obtained tbe 
following results with a first-ch’ss apparatus wJm'ii testing the working' 
of some of the leading <‘ther machines, viz.: “In an ether machine 
mad<‘ by Messrs Wiebe Gor’iuiii tt Co., capable of cooling 3,200 gals, 
of water from GO" down U) DO , or ab.stracting 320,000 heat units* per 
Irnir, the average experiments gave 4,250 gals, per hour cooled 10“ 
I'ahr. The temperature of the water at tlie inlet was 54", and that 
of tlie water fo?- condensing purjtoses wa.s the same. The maxi- 
mum^eooling effijctini was 449,437 heal units* abstracted i>t!r hour, 
being from 35 to 40 ]>er emit, above the nominal po ver of the machine. 
Th(* condensing water used per hour was 1,262 gals,, or about three 
tenths of a gallon for every gallon of water cooled. The coal consumed 
was cwt. per hour ; it was of indifferent {quality, or the consump¬ 
tion wouh. liave been smaller. Tlie steam cylinder was 21 in. diameter 
and 27 in. stroke, ihe air-pur p 24 in. diameter and 27 in. stroke. 
The speed of the engine was fifty-eight revolutions per minute, with 48 
Ih.s. of steam cut off at oiu' third of the stroke. 1'he indicated power of 
the ergine was >3 H.F., and of the air-pump, 29*2 H.P. The boiler 
wa.s 7 ft. diametei* and 24 ft. long, and gave an ample supply of .steam.” 

This, he stated, was the most efficient ether machine that had come 
under his notice at tliat date, and contained several improvements not 
usually fodnd in others of the same class. 

.According to the same authority the ether system is more expensive 
than the a'Munnia system (wliich latter will be considered in the next 
chanter), especially in London where coal is expensive, and water has 
frequently to be obtained from the water companies. The latter item 
is’undoubtedly in this case one of considerable moment, as water is 

* A thermal unit is that amount of heat reijuinal to raise the temperature of 
1 lb. of water T by the rahreaheit scale w'lioii at 39 4 . Mec. eq. 778 ft.-lbs. 

t Proceediiiyn, ln»(i(ulimi of Mechanical Emjiuecrif, J886, p. 248. 
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required in larger quantities for condensing purposes in the ether system, 
and consequently the high temperature which it sometimes attains in the 
street mains during the summer months becomes a matter of serious 
importance as regards the economical working of the machines. 

Other objections to the use of ether as a refrigerating agent are, 
that, owing to its low vapour tension, a very large volume has to be 
circulated to perform a given refrigerating effect, thus abnormally 
increasing the dimensions of the apparatus ; rapid deterioration under 
repeated vaporisation and re-condensation; and finally that it is 
extremely inflammable and explosive. On the other hand, however, 
it is possessed of the quality of working with a low pressure in the 
condenser, which renders its use advantageous in hot climates. 

Modern types of ether machines will be found dealt with in 
another chapter. 

Van der Weyde’s (American) apparatus comprises exhaust and 
force pumps, a cooling coil and two refrigerators, the latter also acting 
as reservoirs for the condensed liquid. The most usual refrigerating 
agents employed are naphtha, gasoline, rhigoline, or chimogene.* 
The water to be frozen is placed in moulds or vessels plunged in 
other vessels containing glycerine, and which latter are surrounded 
on the outside by cyrogene. The naphtha, gasoline, rhigoline, or 
chimogene is evaporated by means of an air-pump and forced through 
the refrigerator, the evaporation of the cyrogene abstracting sufficient 
heat to form ice. 

In Baoul Pictet’s machine sulphur dioxide or sulphurous acid 
(SOj) is employed as a refrigerating agent. Sulphur dioxide is 
prepared by burning sulphur in dry air or oxygen gas, or by removing 
the elements of water, and an additional atom of oxygen from sulphuric 
acid by heating it together with copper clippings or mercury. The 
purification of the resultant gas is effected by washing, and it is 
•collected either by displacement, or over mercury. It is completely 
'colourless, has the overpowering odour of burning sulphur, neither 
supports combustion nor respiration, is 2'247 times heavier than air,- 
is easily condensed, is liquefiable by cooling down to 14° Pahr. under 
ordinary atmospheric pressure, and congeals into a transparent solid 
at temperatures below -168° Fahr. This gas deviates considerably 
from Boyle's law of pressures, and occupies less apace for equd 
increments of pressure than does air under like conditions, this 
variation becoming more marked as the temperature is* reduebd. 
Sulphurous acid is extremely soluble in water, one volume of the 
* Knight’s “Practical Dictionary of Mechanics.” 
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latter at a temperature of 50" Fahr. being capable of dLssolving 61'38, 
and at 68°, 36'32 volumes of the former. It has a molecular weight 
of 65 and a'density of 32. The Latent heat of vaporisation of this 
liquid is 182, apd it boils at a temperature of 14° Fahr. at the tension 
of the atmosphere. 

In Pictet’s apparatus the refrigerator and ice-tanks are combined, 
the circulation of the brine being effected by means of a fan, and the 
•space occupied is thus considerably reduced, the eHiciency being also 
somewhat augmented. 

In 1885 Pictet applied for a British patent for an improved 
material for use in refrigerating apparatu.s wherein anhydrous sulphur¬ 
ous acid is employed, consisting of the admixture with the latter of 
carbonic anhydride. The sealing, however, was successfully opposed 
and consequently no patent was granted for this invention. 

The employment of sulohui ous acid is objectionable, by reason of 
its liability to become converted, by combining with the constituents 
of the atmosphere, into sulphuric acid and to corrode the machine. 
Modern machines using this agent are described in another chapter. 

In a patented machine of Windhausen’s the refrigerating agent 
empl^ed is what is indifferently known as carbon dioxide (CO^), 
carbonic anhydride, or carbonic acid, which ma'^orial is gaseous at 
ordinary temperatures, and under ordinary pressures, but which 
liqueffes at a pressure of 540 lbs. Carbonic acid gas does not burn, 
neitljer supporting combustion nor respiration. 

Windiiausen’s apparatus is fitted with a pair of compressors placed 
in line with steam cylinders of the compound typo, arranged side 
by side with a surface condenser between them. The gas condensers 
are situated in the base of the machine, and a separate refrigerator 
is pivivided in connection with each of them, constructed of coils 
of wroughbiron pipes mounted in a steel casing, wherein the brine 
is circulated. The duplicate portions of the machine are usually so 
arranged as to admit of either of them being worked separately, or 
both together, if desired. This is advantageous inasmuch as it rendesrs 
the apparatus practically equal to two independent or separate machines, 
and afford- the same immunity from a complete breakdown. The later 
patterns of this machine, which will be found described in another 
ohajAM, comprise several patented improvements by J. & B. Hall, Ltd., 
who are also the proprietors of the original Windhausen patent. 

Fig. 13 is a vertical central section, some of the parts being - 
in elevation, showing the Windhausen compressor for treating the geul 
in two stages. Figs. 44 and 15 are enlarged views, showij^ more 
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clearly the details of construction of the inlet or suction valve, and of 
the outlet or dischai’ge valve. An will l)e seen from the, illustration the 

inner cylinder A is surrounded 
hy an annular space com- 
iminicating with the former 
through the valve n; c is 
(he inlet which communicates 
with the cylimh'r A through 
a suitable v.alve, aixl through 
which the gas to he com¬ 
pressed Is drawn or sucked 
into the cylinder ; ii is the 
jiiston,.'ind K is a valve through 
which the annular .space or 
clearance I'ound the cylind('r 
A communi(ates with a pipe 
leading to the condenser. 

In operation the gas i,s 
]irimarily drawn into the 
cylinder A, through the inlet 
valve c, where it is compressed, 
and discharged through the 
valve n to the abov(‘.m(‘n- 
tioned annular space, wherein 
it is finally compressed by the 
oil shown in the latter and 
the cylinder A, which com- 
munijjate at their lower ends through suitable holes or apertures, 
and which oil fonns a liquid piston. After this second and final com¬ 
pression the gas is discharged through the valve E to the conden-ser. 

. Another machine adapted for the use of carbon dioxide- as a 
refrigerating ag(mt is found in that of Lowe. It compri-ses.a gasometer 
or gas-holder, a pump, a condenser or cooler, a drier charged with 
chloride of calcium, a water-cooled condensing coil, and a refrigerator 
or ice-making tank. In operation the gas is admitted to the pump, 
liquefied under the action thereof, and the heat thus generated is 
absorbed or taken up in the, cooler, after which it is allowed to expand 
into the refrigerator, where it acts in the usual manner, and is finally 
returned to the gas-holder. 

A number of other refrigerating machines on the carbonic acid or 
carbonic anhydride .system will be found described in another chapter. 



Fig. hi. —-Oi'iginal Type ot Wiiidhausen 
Compressor, with Liipiid IMstou, for treating 
the Was in two .Stages. Vertical .Section. 
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Cailnmic acid, carlion dioxi<lc, oi- carbonic anhydride (CO.,) is 
completely inodorous" incombustible; .and lias the further advantage 
that, as it Infs no affinity for co|)per, it cun be used with that metal 
with impunit}’. This is an important quality for marine installations, 
and consequently it has lieen used to a largo extent for that purpose. 
Ofi the other hand, however, its pre.scnce in quantity is fatal to animal 
existence—an objection, however, shared by most of the other agents 
nsetl- and it has tin' further drawback that with the cooling water 
at a high temperature, it requires a eonsiderahle pri'.ssure to liquefy it. 




Fig. Is. —Suetiou V^alve of Wind- 
hausen Compressor, for treating 
the (!as in two Stages. 


Fig. hi. —Outlet or Oiscliargo Valve 
of Windhausen Compressor, for 
treating the Oas in two Stages. 


vii!., with 'Condensing water at a temperature of 70° Fahr. it would 
require a pressure amounting to about 1,000 lbs. per square inch. 

Carljonic .i.,id or carbon dioxide must not be mistaken for the 
still more deadly gas known as carbon monoxide or carbonic oxide 
gas (CO), the inhalation of even a minute quantity of which will 
produce death. Sir Henry E. Eoscoe, F.E.S., gives the vapour tension 
of carbon dioxide or carbonic acid, at Sb-.l atmospheres at a temperature 
•of 0“ Cent. (32° Fahr.), and at 73-5 atmospheres at a temperature of 
30° Cent. (86° Fahr.). • 






CHAPTER VI 

THE COMPRESSION PROCESS (coiUinved) 

Ammonia MaohinoB—Properties of Ammonia—Cycle of Operations—Wet and Dry 
Compression Principle—Construction of Cas Comptressora—Various Examples 
of Modem Machines. 

A REPRMEBATING agent now very largely employed, and considered 
by many the most efficient one known at present, is anhydrous 
ammonia (NHj), which has a molecular weight of 17 and a density of 
8'5. This liquid boils at 40° below zero Pahr. at atmospheric pres.sure; 
it has a latent heat of vaporisation of 900, and a vapour tension of 108 
lbs. per square inch at a temperature of 60° Fahr. Gaseous ammonia 
can be liquefied at a pressure of 128 lbs. to the square inch at a 
temperature of 70° Fahr., and at a pressure of 150 lbs. at a temperature 
of 77° Fahr., the pressure required to produce liquefaction rising very 
rapidly with the temperature. To liquefy by cold it requires to be 
reduced to a very low temperature, viz., - 85'5° Fahr. The lateni heat 
of ammonia is very great, consequently its value as a refrigerating 
agent is proportionately large. Anhydrous ammonia is manufactured 
which contains only -025 per cent, of moisture. 

The only Mirations required in an ether machine to render it 
suitable for use with anhydrous ammonia as a refrigerating agent, are 
those made necessary by reason of the higher pressure of its vapour, 
and of the injurious action which it exercises upon copper, which 
causes the use of brass or gun-metal in any «f the parts with which 
either the liquid or the vapour comes in contact to be undesirable. 

This latter quality is a serious drawback to its use for marine 
work, as is also its inflammable and irritant nature iff case of an escape. 

The chief advantages derived from the use of anhydrous alnmonia 
as a refrigerating agent are that it possesses greater beat-absorbing 
than any of the others named, excepting water; t^t it liquefies 
at a comparatively low pressure; and that it is not as ekplosive or ' 
as inflammable as ether. 
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Aiimioniii is, however, very far from beiiii; iiiuocuous and safe, and 
due precautions siiould be taken to avoid accidents where it is in use. 
It is a colourless irre.spirable gas, having an extremely pungent, pecu- 
liw, and easily recognisable odour, and it is also slightly combustible 
when mixed with a sufficient })roportiou of air, burning feebly with a 
dame of a greenish-yellow liue, and when mixed with about twice its 
volume of air, teing capable of exploding with considerable violence. 
From this it will be clear that it is ab.solutely essential that no part 
of ail ammonia apj)ai‘atus should have a naked light inserted into it, 
until it'has been open and exposed to the air for a sufficient time to 
render the presence of such light harmle.ss. The tendency of ammonia 
gas, owing to its being only half the weight of air, i.s to rise when set 
free, so that there is the less likelihood of atiy person who might chance 
to bo near when an ammonia pipe happens to burst, or a bad leak tef 
take place, becoming ovcrpowjrcid uy the gas. 

Another objectionable fcatuio of ammonia, which has been already 
alluded to, IS its very strong action on copper and its alloys, by reason 
o| which no such material can be employed for any part of an ammonia 
machine. 

Common ammonia ot commerce is a solution of ammonia gas in 
water, and its usual strength is 26° Beaume. Anhydrous ammonia 
is pure dry ammonia gas compressed to a liquid, and it is manu¬ 
factured by the distillation of the ordinary 26' ammonia of commerce 
in a suitable apparatus. This apparatus, which should be of sufficient 
strength to stand a pressure of 6.5 lbs. on the .square inch, comprises 
a still, a. Cl ndenser, three separators, and a drier or dehydrator. 
The still is heated, by a suitable steam coil, to a temperature of 
aliout 212° Fahr., when the ammoniacal gas, together with a certain 
amount of water, passes off into the first separator, which latter is 
usually sliuated on tin. top of, and forms an upward extension of, 
the still. In this first separator the greater portion of the watery 
particles carried over are eliminated by a series of perforated plates, 
thiough which perforations the gas has to pass, and are returned 
to the still Hirough a dip pipe. From this first separator the partially 
dried gas passes through a water-cooled worm in the condenser, and 
then success'', through the two other separators to the drier or 
the. dehydrator, where it is passed through a set of similarly perforated 
plates to those in the first separator, but hauing small sized lumps 
of freshly burnt lime placed upon them, by which any moisture that 
•may still remain in the gas is removed, and the completely anhydrous 
product rfin then be pas^d into the ammonia pump or compressor. 

4 
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It is found advisable to work the still at a pressure of about 
30 lbs. to the square inch, so as to admit of 'its being raised to a 
slightly higher temperature than the boiling point of \»ater at atmo¬ 
spheric pressure, without causing the water to boil, the result of 
this being that the whole, or practically the whole, of the ammonia 
will be set free, whilst at the same time the least possible amohnt 
of the water will be vaporised and pass over with the ammonia gas. 

To ascertain whether or not all the ammonia has been eliminated, 
two metliods of testing the charge in the still are usually practised. 
The first is to draw oft’ a small quantity of the charge, and' if this 
fails to turn litmus paper, then the charge is exhausted, and all the 
ammonia has been driven off. The second is to allow a small amount 
of the jgas leaving the still to escape through a small cock or valve 
'specially provided for the purpose, when if this gas be tested with 
turmeric paper, and if this latter remains unchanged in colour (yellow), 
the charge is completely spent; if, however, the paper on the contrary 
turns of a brown hue, there is still some ammonia left. 

After the distillation is finished the water remaining in the still 
should be run out, and as soon as the temperature of the latter is 
sufficiently lowered it can be again charged. The water accumulating 
in the second and third separators, being saturated with aiSmonia 
gas, may be returned into the still when recharging the latter. The 
amount of ammonia water, however, that becomes deposited in the 
separators will bo very small if the pressure in the still is maintained 
at about 30 lbs., as above-mentioned. 

The lime in the drier or dehydrator must be removed whenever 
it is found to have become in any degree slacked. 

Commercial ammonia of 26° Beaume contains 38 5 per cent, of 
anhydrous ammonia hy volume, it is therefore easy to calculate from 
this the quantity that it would be necessary to distil in order to 
produce any given amount of anhydrous ammonia. 

Ammonia gas or vapour is, owing to its searching nature, very 
troublesome to deal with, even at a low pressure, consequently this 
difficulty is greatly increased by the comparatively high pressure of 
tenuity that is obtained in a compression machine, and which rises 
in the condenser to as much as 180 lbs. per square inch. Liability to 
leakage of the anunonia gas at the pump glands and other parts of -the 
apparatus forms, therefore, one of the objections to the use of ammonia 
as a -refrigerating agent, and the means employed to prevent this 
leakage one of the chief points of difference between ammonia and ether' 
machines. Another difficulty to overcome is *he liability to an imper- 
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feet discharge of the gas from the compressor-pump, and the expansion 
and conaequei\t back pressure of that remaining therein. 

The most important part of an ammonia machine working on the 
compression principle, and indeed of all apparatus wherein a volatile 
liquid is compressed, is the gas compressor. In ammonia machines 
both single and double acting compressors are employed. A single- 
acting compressor has the advantage when working with a gas of the 
tenuity of ammonia, owing to its only carrying the lesser pressure of 
the suction side over the stuffing box, of preventing the stuffing box 
from being subjected to the high pressure of the condenser, which 
is unavoidably done at the termination of each stroke in a double¬ 
acting compressor, and on this account the chance of leakage is, of 
course, greatly reduced. On the other hand, however, it is tjbviou^ 
that a double-acting compressor must be more advantageous from an 
economical point of view, inasmuch as ic deals with nearly twice the 
amount of gas at each revolution of ' he crankshaft that a single-acting 
compressor of the same diameter and stroke is capable of operating 
upon. Moreover, the same amount of friction is engendered in each 
case (although with a double-acting compressor double the duty is 
being performed), at least, so far as regards the friction of such moving 
parts as the crosshead, piston, and connecting-rod—which friction 
causes no inconsiderable loss, for to overcome friction power has to 
be expended, and waste of power means loss of fuel, i.e., money. But 
in a duuble-aoting compressor a considerable amount of extra friction 
is caused by the necessity of working with a tighter gland. Taking 
everything into consideration, however, it is estimated that the amount 
of saving effected in a machine having two gas compressors may be 
placed at one-eighth of the whole amount of power required for com¬ 
pressing the gas. A further economy is that a double-acting compressor 
is capable of perfomiing the work of a pair of single-acting ones of the 
same size, and consequently there is a saving in the first cost of the 
apparatus and in space occupied. 

The construction of a gas compressor for operating with ammonia 
does not, as already mentioned, vary in any very material point from 
that of one intended to work with ether, and, however much they may 
differ fr<jm opp another in minor points of detail, they all work upon 
thejf olio wing broad principles, viz. 

The gas compressor, which is operated by a steam engine or other 
^suitable motor, draws the gas or vapour from the evaporating coils or 
tubes of the refrigerator after it has performed its duty of cooling, com¬ 
presses it on the return siroke of the piston, and forces it into a system 
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or series of pipes or coils in the' condenser, in which coils, under the 
cooling action of water, it resumes its liquid form. From the.condenser 
it is again passed in the liquid state, through a minute opening of 
the expansion or regulating cock, into the evaporating coils or tubes 
of the refrigerator, wherein it again expands into gas or vapour, owing 
to the diminished pressure there prevailing, by reason of the sucking 
action of the gas comprc.ssor. The pre.ssure in the pipes or coils in the 
refrig(!rator is usually maintained at from 1.') lbs. to 30 lbs., wjiilst 
that in the condemser, as above mentioned, may rise as high as 180 lbs., 
the former depending of (ioursc on the amount of opening given to the 
expansion cock. The liquid ammonia passing sudde-nly from the alK)ve 
high pressure of the condenser to the comparatively low pressure in 
i.he rofrigeratoi', instantly lla.shes into ga.scous form, and whilst doing 
so, in conformity with tlus well-known natural law, is forced to absorb 
a quantity of heat which it renders latent; this it does from the 
surrounding objects, which in the present instance arc either the pipes 
. or coil in the refrigerator, and the brine circulating round the latter, 
or when used for cooling on the direct system, the sets of refrigerating 
pipes into which it is passed and the surrounding air. 

In order to avoid any chance of accidents occurring through the 
machine being started with all the valves closed, a suitable relief or 
safety valve and by-pass .should invariably be provided. 

Expressed generally, then, the cycle of operations in machines on 
the ammonia compression system is the same as that of those described 
in the preceding chapter, viz., compression, condensation, and expan¬ 
sion ; and these machines, no matter how they may differ in more or 
less important points of constructional detail, must all likewise con¬ 
sist of three different parts, viz., a compression side, a condensing side, 
and an expaiision side (see Fig. 8). The operations are rendered con¬ 
tinuous by suitably connecting all these sides or parts together ho that 
the gas passes through them in the above order. 

Ammonia compression machines arc opierated on two .systems, viz., 
wet compression and dry compressiou, and as regards the respective 
merits of these systems theoretically, considerable diversity of opinion 
seems to exist. In practical work, however, it will be found that what 
are termed dry compression machines—for reasons given below—are 
worked more or less wet, and, therefore, the eflBciency as regards this 
point is about the same in the case of both types of machines. 

When intended to work on the wet compression system the expan¬ 
sion cock or valve is adjusted in such a manner that the vapour will 
come back, to the compressor in a supersatift'ated condition, wit1> the 
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rfisult that this Kurehavg(! of liqiiid becomes evaporated during the 
compression stage, alworhing the required quantity of heat, and main¬ 
taining a'correapondingly low temperature in the compres.sor cylinder. 
An obvious objection to this method of working is the constant 
liability of too. large a quantity of liquid finding its way into the 
compressor cylinder, the i-esult of which woidd he the filling of clear¬ 
ance spaces with liquid ammonia, which latter would re-expand upon 
the return .stroki' of tlie piston, and fcike up space which is required 
for‘the reception of the in (lowing gas or vapour. 

With a machine adapted to work on the dry compression system, 
the expansion cock or valve is so adjusted that the whole of the liquid 
ammonia admitted to the expansion coil will become expanded into 
gas or vapour, and the latter consequently roaches the compressor 
cylinder in a dry condition, superheating taking place during iompre#- 
sion. It will he observed that this plan admits of the full value of the 
liquid ammonia being utilised for purposes of ix^frigeration, a draw¬ 
back being experienced, however, by reason of the higher pressure 
which becomes necessary to liquefy the ammonia, and the larger 
amount of heat generated which calls for special cooling arrangements 
for its removal. For this reason in this .system compressors are, as 
liefore' mentioned, usually worked partly wet. 

The principal qualities to he sought for in a compre.ssor in order 
to ensure the maximum amount of efficiency are :—As complete a dis¬ 
charge from the compres.sor cylinder of the gas during compression as 
is practically feasible, and the removal during compression of the 
greatest possible amount of heat from the gas. Amongst other points 
of importance are the perfection of the means provided for preventing 
any leakages taking place at the stuffing box, pistons, and valves, and 
of those for ensuring the proper lubrication of the working parts of the 
machine. 

Of these desiderata the first is the most important, and it is thus 
specially desirable to see that the compressor possesses all the requisite 
conditions to ensure its fulfilling its purpose in the Ijest possible 
manner. One method of effecting the desired object is by the injec¬ 
tion of a certain amount of sealing oil into the cylinder at each stroke 
of the piston, which oil forms what is called a liquid lm,se. The injec¬ 
tion of’ thus oil serves not only the purpose of sealing the piston, but 
also lubricates the latter and the valves, and prevents leakage at the 
stuffing box, and that, moreover, owing to the small amount of such 
* sealing oil that is employed, without appreciably reducing the capacity 
of the machine. 
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The practically complete discharge of the charge of ammonia from 
the compressor cylinder, at each stroke of the. piston, can also be 
ensured by allowing the latter to work right up to the heads without 
clearance. In the ordinary form of compressor this would of course 
give rise to a great liability of knocking out the cylinder head in the 
event of any foreign body or obstruction obtaining access to the 
cylinder, but such action is rendered possible with perfect safety by so 
arranging the head that it is loose, but normally retained in position 

by means of .suitable springs. Tn 
this manner the head forms prac¬ 
tically a large relief valve adapted to 
open should the pressure in the com¬ 
pressor cylinder from any cause exceed 
that requisitt! to produce liquefaction 
of the ammonia gas. 

The diagram. Fig. 16, which is in¬ 
tended to represent the cylinder of 
a single-acting compressor, illustrates 
the lo,ss due to clearance space. As 
is well known, according to Boyle’s 
or Harriot’s law the volume (5f gas 
will vary in an inverse proportion to 
the pressure. Assuming, then, that 
the pressure of the gas on entering 
the cylinder a be 20 lbs. per square 
inch, and that of the condenser 180 
lbs. per square inch, it will be seen 
that if the piston B is moved into the 
po,sition shown in dotted lines at b' 
through a stroke of 9 in., and neglect¬ 
ing loss of heat during compression, 
the pressure of the gas will be in¬ 
creased nine times, whilst its volume 
will have become, at the same time, correspondingly reduced to 6ne- 
ninth of its original volume, and this pressure of 180 lbs. per square 
inch is that at which it is required that the gas should leave the 
cylinder a. 

If the clearance space left between the piston b at the termination 
of its stroke and the cylinder head c be 1 in., it is obvious that the 
' gas at a pressure of 180 lbs. per square inch left in this clearance 
space will re-expand until the pressure becomes reduced or decreased 
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to a ninth of what it was originally, or to 20 lbs, por square inch, 
whilst the volume will, at the same time, be increased to nine times 
what it was liefore. It will ho seen that in such a case as the above 
the inch of gas at 180 lb.s. pressure would re,-expand into 9 in. of 
gas at 20 lbs.' pre.ssure, and that consecpiently the entire efficiency 
of the compre.ssor would be lost, as this bade pressure in the cylinder 
of 20 lbs. per square inch is that of the entering gas, and would thus 
render impossible the entrance of any more gas. Were the stroke of 
the piston n, on the other hand, to he the full length of the cylinder A, 
so that no clearance Ixi left at its termination between it and the 
cylinder head, it will be seen that all the gas would be expelled from 
the cylinder when it reache.s that point, and consequently its efficiency, 
so far as this is concerned, would be practically perfect. In practice, 
however, it is found impossible to construct ordinary compressors with¬ 
out a certain amount of clearance at the termination of their strokes; it 
becomes necessary, therefore, to hnd out what is the minimum amount 
that can be allowed (compatible with safety of working, and also how 
beat to arrange the clearance so that the loss due to it will represent as 
small a percentage of the entire work of the compressor as practicable. 

Obviously, whatever the space in the cylinder that will be occupied 
by the gas left in the clearance space after it has re-expanded to 
a pressure of 20 lbs. per square inch on the return stroke of the 
piston, the space thus occupied will Represent the lo^,s of efficiency. 
Say, for example, that wo have a cylinder of 10 in. in diameter, 
by 10 in. stroke, and that a clearance of one-eighth of an inch be left 
at the termination of the stroke, with this clearance filled with gas 
at a pressure of 180 lbs. per square inch, the space filled by this gas 
on the return .stroke of the piston, w'hen the pas remaining over has 
expanded down to a pressure of 20 lbs. per square inch, will be IJ in., 
and the loss of efficiency wdll consequently be equal to about 11 per 
cent. If, however, we now assume that the diameter of the cylinder 
be still retained at 10 in., whilst the length of stroke be doubled, or 
increased to 20 in., the loss of efficiency will obviously be reduced to 

per cent., ,whil 8 t by again in like manner increasing it to 40 in., 
and subsequently to 60 in., it will be reduced to 2 J per cent., and 
14 per eeirt. respectively, and so on, the greater the ratio between the 
diameter and the stroke the less will be the loss of efficiency due to 
the (fiearance left in the cylinder at the end of the stroke of the 
piston. 

In actual practice, however, there is a limit to the amount of the 
ratio between the diameter and the stroke that can be used with due 
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regard to economy of working. The practice in tins rcispect among.st 
builders of refrigerating machinery varic,s considerably, .some employ¬ 
ing a ratio of two to one, whilst some others use less, and others again 
more. Mr Peter Neff, from whose articles upon “ Mechanical Refri¬ 
geration ” (New York Kn/jiwer), much of this information has been 
derived, recommends, as the result of his experience, a stroke of three 
times the diameter as being that giving the most favourable results. 

Another important point is to son that no unnecessary amount^ of 
clearance .space be left at the inlet and discharge valves. In the case 
of a single-acting compressor of the veitical type, this is a com¬ 
paratively easy matter, as the inlet valve can be arranged flush with 
the top of the. piston, and the outh^t or dischai-ge valve flush with the 
head of the cylinder, thereby reducing as far as possible loss from the 
re-expansion of any gas remaining between th<' .seats of the valves 
and the interior of the cylinder. Tliis difticulty is not, however, by 
any means so easily overcome in a double-acting compi’cssor of the 
horizontal type, although many mo'V or less iirgenious arrangements 
have been devised for the purpose, on<* of the most efticacious of 
which is perhaps that wherein cages containing the valves are so 
mounted in the cylinder that the. seats of the valves will be bi'ought 
into clo.se proximity with the interior of the latter. 

Even in the case of the best possible designs of compressors of 
the ordinai-y type, there must be an unavoidable appreciable loss of 
efficiency from back pressure, but, on the other hand, they are of very 
much simpler construction, and can be built considerably cheaper than 
those provided with special means for avoiding, or rather minimising, 
this loss, whilst at the same time they are found to bo perfectly well 
able to perform the work re<pured of thorn. It must also be borne in 
mind that upon the engineer in charge of the plant, and the care which 
he expends to see 'that the valves ai’o working satisfactorily, &c. <fec., 
depends to a considerable extent the greater or le.S8er efficiency of the 
compressor under his charge. 

In the De La Vergne type of ammonia compressor, which is made 
in this country by L. Sterne & Co., Ltd., the characteristic feature 
consists in the patented system for preventing the occurrence of any 
leakage of gas taking place past the stuffing box, piston, and'valves, 
and of extracting the heat from the gas during compression, “iry the 
simple device of injecting into the compre.ssor, at each stroke, a certain 
quantity of oil or other suitable lubricating fluid. By means of this 
sealing, lubricating, and cooling oil, not only are the stuffing box, 
piston, and valves effectually sealed, and the'heat developed dkring 
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compression taken up, but all clearances are entirely filled up. This 
latter is a matter of great importance, as it ensures a complete dis¬ 
charge of the gas from the pump cylinder, and obviates the above- 
mentioned loss of power and efficiency. 

Tins methfid. of sealing the stuffing box and piston (mables the 
leakage and consequent introduction of air into the pump, or drawing 
out or wasting of a volunu' of the refrigerating gas at each alternate 
stroke of. the piston, to be oli'ectually prevented without necessitating 
the packing of the piston and gland so tightly as to bind and set 
up an excessive amount of friction, tbo power required to overcome 
which has btxin sometimes found to exceed tliat neee.ssary to perform 
the entire work of compression. Moreover, when working constantly 
against a pressure of from 12.') to 180 lbs., it is obvious that the 
sliglitest wear would cause a considerable leakage of gas to take place 
past the piston into the adjoining chand)er, and like difficulties would 
also be encountered with the valves, allowing the gas to regain access 
to the pump cylinder by leakiiig past the discharge valves, or to be 
readmitted to tbo suction side past the corresponding valves. The 
lo.s.ses occasioned in this manner through abnormal friction, and the 
reduction in efficiency and lo.sa of valuable material through leakages, 
constitute in .some machines a very large item, and are the chief cause 
of failure to give .satisfactory results. 

It is claimed by the inventor that the oil injected into the 
comp.ressor cylinder for the above-mentioned .sealing purposes not 
only effectually overcomes the above difficulties, but also acts in a 
more efficient manner to absorb or take up the heat generated during 
compression by the mechanical energy exerted by the compressor piston 
or plunger upon the gas than does a water jacket to the cylinder and 
hollow water-cooled piston and rod, the useful effect of which latter is 
to a great extent prevented by the thickness of metal required in a 
pump destined to work at a high pressure. In order to ensure the 
highest efficiency in a compressor, it is essential that the heat generated 
by the act of compressing be eliminated as far as practicable, as other¬ 
wise this heat, by expanding the gas itself during compression, in¬ 
creases its volume, and consequently necessitates an opening of the 
discharge, valve prior to the time that would be required were the 
gas cooled during compression. It is obvious that all the energy 
expended in effecting .such premature discharge of the increased 
volume of gas is so much loss. 

The oil used is of a special quality, which is unaffected by the 
chemical action of the» ammonia, it being absolutely essential that it 
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1)6 of a nature that will not saponify, and that it be also capable of 
withstanding both extremes of heat and cold. 

Fig. 17 is a vertical central section, showing a double-acting 

compressor on the De La Vergne 



Fig. 17. — Double-Acting Vertical 
Type. La Vergne Ammonia Com- 

presatjr. Vertical Section through 
CompresBor Cylinder. 


system, fitted with- Louis Block’s 
patent arrangement of valves, the 
main object of which is to .secure 
the discharge of the oil at the 
lower end of the cylinder taking 
place immediately after all the gas 
is gone and not before, as in the 
latter case re-expan.sion will take 
place, resulting in loss of efficiency 
of the pump. To effect this, two 
valves are provided in the lower 
end of the compressor cylinder, 
one above the other. 

Either or both of these valves 
may open on the down stroke of 
the piston, until the latter covers 
the upper one, when only the 
lower one is left open to the con- 
den,ser. During the remainder of 
the stroke of the piston, after the 
lower valve is also closed, the 
other or upper one opens com¬ 
munication with an annular cham¬ 
ber formed in the piston. In the 
bottom of this annular chamber 
are provided, moreover, valves 
which open as soon as all the other 
outlets from 4he underside of the 
piston are closed, to ensure which 
they are loaded with springs, so 
arranged as to requifie somewhat 
more pressure to open them than 
the discharge valves on the side ef 
the cylinder. The gas, and after¬ 


wards the oil, then all pass out through the piston, no trace of the 


former being present at the completion of the down stroke. 


Li thif 


manner the oil system of sealing can be advairtageously retained, ind 
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the pump will work as well at the lower side as the upper. Fig. 18 is 
a view illustrating the complete machine, which i.s driven as shown by 
a horizontal tandem condensing engine. 

A complete installation of a refrigerating plant on the De La 
Vergne ammonia compression system is shown in side elevation in 
Fig. 19, from which view tho circulation of the ammonia and sealing 
oil can be ea.sily traced, viz.:— 

Finstly. hollowing the path taken by the ammonia, in order to 
produce the frigorific <‘fiect. A is the compressor cylinder, which is 



Fig. 18. Double-Acting Vortical Type De La Vergne Ammonia Compressor and 
Horizontal Tandem Condensing Engine. Side Elevation of Complete Machine. 


of the double-acting type, and similar in construction to that shown 
drawn to a larger scale in Fig. 17 j and e is the steam-engine cylinder, 
which is aiyanged horizontally, as shown in Fig. 18. b is a pipe 
through which the gas is drawn or sucked from the evaporating coils 
into the ^compressing cylinder a. The gas is then discharged by 
the action of the compressor a through the pipe c into the pressure 
tahk D, where the sealing oil or liquid, the course of which will be 
next followed; falls to the bottom; the upper halt or portion of the 
• pressure tank being fitted with suitable cast-iron baffle or check 
plates serving, to mone completely retain the oil and ensures itS' 







Fig. 19 .—Diagrammatical View showing complete Installation of a Refrigerating Plant on the De La Vergne 

Ammonia Ck)mpres.sion System. 
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deposition. From the pressure tank D, the gas, which still retains the 
heat due to compression, passes thi*ough the pipe k into the bottom 
or lower pipe of tlie condenser f, wherein, by the cooling action of cold 
water running .over the pipes, the heated gas is first cooled and then 
liquefied. The ammonia, in this liquid condition, is tlien led by the 
small liquid pipes o, through the liquid lieadcr ii, into the storage 
tank 1 , from whence it ilows through the pipe J into the lower part of 
tlie separating tank k, whicli latter must he constantly maintained at 
the very least thr(ie-quarters full, l is a pipe of simiil bore, through 
which tho liquid ammonia is forced, by reason of the- jn’essure to which 
it is now subjected, to the expansion cock or valve, through which it 
is injected into the evaporating o»‘ expansion coil n which is situated 
in the room or chamber to be re£rig(;rated or coolcsl. 

The ammonia gas resulting from the expansion and evaporation of 
the liquid ammonia in the evapo- ating or expansion coil N, having 
absorbed or taken up the het from the surrounding atmosphere, 
passes away through the pipes ajid B, back again into the compressor 
cylinder, and the cycle of operations of compressing, tkc., are again 
pei’fonned as above. 

Secondly. Following the course of the oil employed for sealing, 
lubricating, and cooling purposes, which, as previously mentioned, is 
heated with the gas during compression, and is passed into the tank 
n, to the bottom of which it falls, From the bottoui of the tank 0, 
the beated oil is conducted through a pipe a to the lowermost pipe 
of the oil-cooler ?>, which is practically similar in construction, but on 
a smaller scale, to tho ammonia condenser, and is likewise cooled by 
sprayed or atomised cold water. After being sufficiently reduced in 
temperature in the oil-cooler 6, the oil ilows through the pipe c, stiainer 
dy and pipe into the oil-pump y, which latter is so constructed that 
it delivers the cixfied oil into the compressor, distributing it to either 
' side of the piston or plunger during its compression stroke, that is 
to say, in such a manner that no oil is furnished during the suction 
stroke of the piston, hut only during the time of compressing, thereby 
cooling the'gas during its period of heating. The heated oil, after 
leaving the compressor, then again returns, together with the hot 
compress^ gas, to the pressure tank i>, and follows the same round 
through the oil-cooler 6, strainer d, and oil-pump J\ back to the com¬ 
pression cylinder. It will he obvious that the oil, as well as the 
ammonia, is used over and over again, no loss or waste of either 
* taking place except that which may t)ccur through Iwikage. 

Any small quantifies of oil, however, that may be carried over. 
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with the current of the gas from the pressure tank c into the condenser 
F, pass along with the liquid ammonia into the separating, tank K, 
where, by reason of its greater weight, this oil falls to, and collects 
at, the bottom of the tank. As soon as a sufficient quantity of oil 
has become thus depositerl, it is drawn off and passed through the 
oil^jooler back into the oil-pump. The oil reservoir or tank is also 
connected to the oil-pump f. 

When the apparatus is employed for the manufacture of ice, the 
evaporating coils n are pliiced in a tank containing brine, sufficient 
apace or clearance being left between them to admit of the insertion 
of ice cans or moulds containing .the water to be frozen. In this 
instance the steam used for driving the motor, after doing its duty 



Fig. 20.—Diagram taken from Single-Acting Do La Vei'giie Ammonia Com- 
pressor, without Sealing, Lubricating, and Cooling Fluid. 

in the steam-engine cylinder R, is led through the exhaust pipe s into 
a steam filter and oonllenser, where it is purified and condensed. The 
pudfied ijondensation water then passes from the condenser into 
a water regulator tank, and from the latter through a water-cooled 
coil of substantially similar construction to that of the ammonia 
condenser p and oil-cooler h, and finally is delivered into the ice cans 
or oases, which are usually constructed of galvanised iron, through 
* suitable india-rubber hoses, fitted with stop-cocks or valves. 

When the water in the ice cans or cases is frozen, they are lifted 
out and transported by means of the-overhead travelling crane to the 
dip-tank or a sprinkler, where the blocks of ice are thawed or melted 
out, ^ter which the empty cans are refilled with water throu^ |he* 
.hose, and the process of making other blocks of ice is commenced. » 
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The various parts are clearly indicated upon Pig. 19, and the 
paths taken by the' ammonia, the sealing, lubricating, and cooling 
oil, and the s'team are shown by the arrows. 

The advanteges derived from the use of the sealing, cooling, and 
lubricating liquid in the compressor cylinder will become very apparent 
oh a comparison of the diagram shown in Fig. 20, which was taken 
from a gas compressor worked without employing the liquid, with 
that shown in Fig. 21, which was taken from a similar compressor, but 
with the charge of liquid. 

The diagram shown in Fig. 20 was taken from a 14-in. x 28-in. 
single-acting gas compressor, working with a direct pressure of 157 lbs., 
and a back pressure of 20 lbs., and at a speed of thirty-six revolutions 



Fig. 21.—Diagram taken from Siiigle-Aotiiig Do La Vergiie Ammonia Com¬ 
pressor, with Sealing, Lubriealing, and Cooling Fluid. 


per minute, no sealing, cooling, and lubricating liquid being used. 
A indicates the adiabatic curve, and b the isothermal curve. 

The adiabatic curve is, as is well known, that curve which would 
be produced were the air or gas to be instantaneously compressed, that 
is to say, without transmission of heat, and the isothermal curve is that 
which would Result if it were possible to compress the same without 
raising Its temperature at aU. Tn actual working the curves obtained 
fall betTweea the adiabatic curve and the hsothermal curve. 

• It "will be seen by an inspection of this diagram that the com- 
p^sion curve, which by right should approach the adiabatic curve A, 
on the contrary falls into close proximity to the isothermal curve b, and 
" indicates the existence of adeakage past the piston of 15*2 per cent, of 
the gas being compressed, and, as is shown by the curved line, which 
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is produced by the re-expansion of the gas filling the clearance between 
the piston and compressor head or cover, a further loss from the latter 
source of 7'4 per cent., that is a total loss of :12'6 per ceilt., due to not 
employing the liquid. The horse-power shown on this indicator card 
is 44. 

The diagram shown in Fig. 21 was taken from a similar compressor 
running at the .same speed, and working at 150 lbs. direct pressure, and 
with a back pressure of 27 lbs. The actual power indicated by this 
card is 48, The horse-power measured to the adiabatic curve A equals 
53’C. The horse-power saved by employing tin; sealing, lubricating, 
and c(K)ling liquid is 5'6 for each compressor, or in a machine having 
two compres.sors a total saving of 11'2 H.P. The elKciency of the 
compressor is 98'6 per cent, of its theoretical value, a result attained 



Fig. 22.—Diagram taken from Double-Acting Do La Vergne Ammonia Comprossur, 
with ,Sealing, Lnbilcating, and Cooling Fluid. 


by the use of the liquid. The etiiciency of the compressor, as indicated 
by the card shown in Fig. 20, is only 77 per cent, of that indicated by 
the card shown in Fig. 21, the loss being the result of the non-use 
of the sealhig liquid. 

Fig. 22 shows a diagram taken from a 12-in. x 24-in. double-acting 
gas compressor, running at a speed of thirty-four revolutions per 
minute, and fitted with D>uis Block’s patent improvements, whicli 
latter have been already described on pages 68 and 59. 

The steam cylinder actuating the above-mentioned 14-in. x 28-in. 
gas compressor, whilst the diagrams -shown in Figs. 20 and 21 were 
being taken, was 18 in. x 42 in., and was working under a steam pres¬ 
sure of 68 lbs. per square inch, the speed being, of course, the same “ 
as that of the gas compressors, viz., thirty-six revolutions per minute. 
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Indicator diagrams taken from this steam cylinder showed on the 
card an initial pressure of 66 lbs., and the mean eifective pressure of 
the diagrams equalled 32'4 lbs. The horse-power developed was 63, 
and the expansion line approached so close to the theoretical curve 
as to show that the cut-off valve worked well, thus effecting a great 
economy in steam consumption. 

Fig. 23 shows a horizontal type of belt driven Sterne ammonia 
compressor of the latest design. The valves, as will be seen from the 
illustration, are arranged in the end cover s of the compressor, and are 
placed in cages so as to admit of their removal without there being 
any necessity for disturbing the compressor joints. Special attention 
has also been paid to the reduction of the clearance spaces to a 
piinimuni so that the greatest possible efSciency may be obtained. 

Machines on the ammonia compression system are made by a 
number of other Anns, both in this country and abroad, certain 
specific improvements being claimed to give to each of them some 
particular advantage. It would be impossible in this little work to 
give extended descriptions of these machines, or, indeed, even to make 
brief mention of all of them. The following, however, are the most 
salient features of some of the principal amongst them;— 

The characteristic feature in the Frick machine is the means 
adopted for permitting the compressor to be safely worked without 
clearance, and thereby ensuring the complete, or practically complete, 
discharge of the gas therefrom. Two forms of compressors constructed 
on this principle are illustrated in Figs. 24, 25, and 26. 

Referring to the drawings, a is the compressor pump piston, in 
. which is placed the suction valve B, which is of ample area, and is 
balanced by a spring; the piston working metal to metal against 
the top cylinder head without clearance, c is the inlet for the 
ammonia gas, and d is the outlet way through which the compressed 
gas is discharged from the pump barrel or cylinder through the 
. aperture/ind valve in the dome, f is a jacket surrounding the pump 
cylinder, and into the clearance or space thus provided, a constant 
stream of cold water is kept circulating, so as to take qp as much 
of the specific heat of compression, and of the latent heat, through the 
wall of the cylinder as possible, and thus obviate superheating' thereof. 
0 is a relief valve situated in the cylinder head, which valve in Fig.' 24 
also,forms the discharge valve, and “is acted on by springs s and’oi. 
Idle first being compressed for the ordinary discharge, and the second 
when the safety device comes into operation. In the arrangement’' 
' diown in Fig. 26, which is that used in the kirge machines, the relief 
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valve 6 is normally retained upon its seating by the powerful springs 
o', and the ordinary discharge or outlet valve d is situated centrally 
in the latter. ‘ i is the piston rod stuffing box. k is an oil reservoir 



Fig. 24_ifimaU .Single-Acting Vertical Type Frick Ammonia Compresaor. 

■ Vertical Central Section through Cylinder. 

and hand pump for lubricating the piston rod, and through the small 
pipe and valve l the pump cylinder «when required, which is usually only 
when starting a new machinp, or one that has been' standing for a 
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conwderable time ; the latter also servos for the ,attaehinent_ of an 
indicator, to enable indicator diagrams to be taken from the pump. 

It will bo seen that the compressors in question are'of the single- 



Fig. 25.—Large Single-Acthig V^ertical Typo Frick Ammonia Compressor. 
Vertical Central Section through Cylinder. 

acting type, the pistons are long, and are each provided with carefully 
fitted rings, and the arrangement of the stuffing boxes and glands 
shown, moreover, is such as to render the escape of gas round J;he! 
piston rods practically impossible under proper*working conditions. 
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The two patterns of compressors are constructed upon a substantially 
similar principle; that shown in Fig. being the form of construction 
employed in the case of small machines, and that in Pig. 25 in large 
ones. In both arrangements the discharge valve, relief valve, together 
with the guides, speeder, and false seat, arc entirely self-contained and 
independent of the pump cylinder, rendering it po.ssible to expedi¬ 
tiously replace the whole mechanism by a new one, or to speedily 



Fig. 2<>.—Large Single-Acting Vertical Type Frick Ammonia Conipresaor and 
Horizontal Steam Engine. Sectional Elevation of Complete Machine. 


execute any necessary repairs. It will be seen that the valve 
meohanisnucan be easily got at, it being only necessary for that purpose 
to remove the light pump head. Fig. 26 is a vertical central section 
showing the complete machine. 

The operation is as follows: The suction valve n being, as before 
mentioned, of very ample area and balanced by a spring, affords no 
resistance to the passag# of the gas upon the return or backward stroke 
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of the piston, but allows of its flowing freely and rapidly into the pump 
cylinder, through the gas inlet c, under the action- of the back pressure, 
to the vacant space above the piston. The rapid closing of the suction 
valve B at the instant of the piston beginning its forward or up-stroke 
is ensured by a cushion spring, and the gas is gradually compressed 
until it equals the condensing pressure acting upon the discharge 
valve in the relief valve located in the cylinder head, which then 



Fig. 31. Fig. 32. 

Piagi-ams taken from Frick Compressor. 


<^ns to admit of its escape to the condenser. These being no 
clearance between the piston a, when at the termination of the upward 
or forward stroke, and the cylinder head, practically no gas remains in 
tile cylinder to re-expand on the return or backward stroke’ of the 
{Hston, and destroy the vacuum. 

It -will be seen that it is rendered possible to do this with perfect 
safety, as in the event of any foreign body or obstruction getting 
acddentallyJjetween the piston a and the cylinder head, the-valve dk 
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movable portion o of the latter, which is of the full dimensions of the 
pnmp bore, will give way and allow the compressed gas to pass into 
the dome, and thence to the condenser, the movable portion or relief 
valve o being returned to its seat, under the action of the spring 
o‘, and the back pressure. Under normal conditions, however, this 
relief action does not take place, the discharge, as already mentioned, 
being effected through the preliminary opening of the relief valve, 
or through the smaller discharge or outlet valve d, which is usually of 
steel, and is fitted upon a seat in the centre of the movable portion of 
the head or relief valve o. 

Were no provision, such as the above-described relief valve or 
safety head g, provided, and any obstruction to become accidentally 
interposed between the piston and the cylinder end, not only would 
the latter be knocked out, and serious damage to the mechanisin ensue, 
but the full charge of ammonia gas, wliich in a large machine is worth 
a considerable sum, would be lost. 

Figs. 27 to 32 show several indicator cards taken from Prick 
compressors, the originals of which are in the possession of the 
company. It will be noticed on an inspection of these cards that they 
show sharp corners and straight vertical lines, which is the indication 
of a practically perfect non-clearance pump; furthermore, it will bo 
seen that the horizontal lines are very straight, and the compression 
curves demonstrate great regularity, which latter features indicate 
perfect, or practically perfect, action of the valves. 

In practical working spring safety heads of the type just described 
are apt to give trouble owing to the difficulty of adjusting the springs 
to work under the variations of temperature to which they are exposed 
within the compression cylinder, and also by reason of the liability of 
dirt or other foreign bodies becoming lodged upon a seating when the 
head is raised, and preventing it from forming a tight joint upon its 
return to its normal position. Mr Arthur G. Enock has endeavoured 
to obviate these objections, and at the same time to provide a spring 
safety device which will admit of the piston being worked in the 
compressor absolutely without clearance, and which device, being 
located externally to the cylinder, will be unaffected by the variations 
in temperature caused by compression of the working agent therein. 

Mr’ Enoch’s compressor is fitted for the above purpose with the 
safety device shown in section in Fig. 33. 

In the construction of'this machine, the crosshead is provided witii 
a short extended trunk in which is placed a powerful spring. The 
piston rod is provided*with a disc screwed upon it which butts upop^ . 
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the top of the spring, and a cap or cage encircling the piston rod is 
employed for attaching the latter to the crosshead trunk. The pistons 

are so placed that, at the end of 
the compression stroke, they make 
metallic contact with the cylinder 
h(!ad, when a slight compression 
takes place upon the spring of the 
crosshead, and the lost motion is 
taken up at this point. This 'not 
only secures immunity from danger 
of knocking out the compressor 
head or damaging the piston and 
piston rod, hut also allows the 
valve an extra moment for closing, 
and it will be readily seen by 
reference to the drawing that the 
back rush or “ slip ” of gas as the 
piston commences the suction 
stroke will be entirely prevented. 
In Fig. 34, which is a direct re¬ 
production from a photograph of 
the actual parts, the crosshead, 
spring, and cap are shown removed 
from the machine. 

It need hardly be pointed out 
that this machine should pump a 
good deal more gas with a given 
compressor capacity than is pos- 
.sible in any of the other types, as 
it would not only discharge the 
whole of its capacity, but it would 
not allow of any back leakage. 
This, the inventor avers, has been 
found to be actually-the case in 
practical work, and to be proved 
beyond doubt by severe and ex¬ 
tended trials. The crosshetwl 
trunk has vertical slots in it 
through which the spring can be 
seen and examined, and the spring is only subject to the ordimry 
temperatures found in an engine-room. 



Fig. 33.—Vertical Section through 
Crosshead and Cylinder, “Enoch” 
Patent Compressor. 
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The lift and fall of the suction and discharge valves are vertical, 
and there is consequently no lateral wear and tear of any kind, and 
the valves and valve seats are cut from .special pieces of solid tool 
steel, and are consequently subject to very little hammering out. 

The compressor Jacket is provided with a spiral or helical annular 
space, through which the Jacket water circulates, and considerable 
velocity is thus secured to the cooling water, and a much more rapid 
transfer of boat takes place. It is also impossible for air or gas 



Fig. 34—Safety Ciosshiads and SpringH. Ea(ick’.s Patoiit ConipreBsor. 


bubbles to adhere to the outside walls of the compressor cylinder, and 
this is in itself a valuable improvement. 

This safety crosshead is applicable not only to vertical machines 
of the type shown in our illustration. Fig. 3.3, but also to horizontal 
raachinep fbr single or double action, and where sufficient headroom 
is not available for vertical compressors the same type of machine is 
made of an horizontal pattern. It is also successfully applied to com¬ 
pressors of the inclosed type-such as that illustrated in Fig. 35, which 
• is suitable for refrigerating a»d ice-making plants on a small scale, and 
is made of capacities varying from one quarter of a ton to five tons of 
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ice per twenty-four hours. Tlie compression machine in this case 
consists of two vertical single-acting ammonia compression cylinders, 
which are mounted upon a cast-iron body, with end covers containing 
the crankshaft and bearings. There are no pump rod glands to pack 
in this type of machine, as the evaporating gas returns from the pipe 
system or tank coils direct to the body of the compressors, and then 
flows freely through the suction valves into the compressors, the suction 
valves being of a special balanced type and located in the compressor 



Fig. 35.—6-ton ** Knock ” Patent Compressor, Inclosed Type, with Coupled 
' Vertical Steam Engine. 

pistons. This construction does away with the expense and annoy¬ 
ance consequent on the escape of refrigerant through pump rod glands,' 
and it also secures the operation of the machine with the.smallest 
possible expenditure of power, on account of the absence of extensive 
frkition upon the pump rods. 

The lubrication of these inclosed compressors is automaiac throu^h- 
ou\ and the machines have been run for extended periods' wifhdut' 
any attention in this direction. The crankshaft runs in a bath oi iil, 
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which is contained in the lower part of the compressor body, and both 
bearings, connecting-rod, and piston are automatically lubricated from 
the crankshaft 

The suction and discharge valves are so arranged that immediate 
access can be obtained to them by simply removing the top cover of 
the machine, which can be done without breaking pipe joints. The 
suction and discharge pipes are provided with the ordinary stop valves 
and hand-wheels, and also with a set of by-pass valves and pipes so 



Fig. .36.—20-tou Open Type Compreasor, fitted with Enoch’s Patent 
Safety Crosshead. 


arranged that the refrigerant can be drawn from one part of the 
system and stored in another. 

A oertdin amount of oil will always find its way out of the discharge 
valves in a properly lubricated compressor, but owing to the special 
arrangement of the crankshaft and pistons very little oil gets through 
in this machine. An oil separator of a special type is, however, 
‘employed as a safeguard, the gas being discharged downwards through 
a series of perforated ba#e plates, and then rising again through the 
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slots in these baffle plates, which effectually separate and retain any 
oil ■which may have been discharged with the compressed ammonia. 
The gas itself passes out of the top of the separator, aild thence into 
the condenser. Whatever oil is sepai'uted in this way is returned to 
the bottotn of the compressor body by an an’angemcnt of valves and 
pipe connections. 

Fig. 36 illustrates a 20-ton open type of York pattern machine, 
fitted with the “ Enoch ” patent safety crosshead. 

As regards the position of the valves in the Enoch compressor, the 
suction valve is placed in the piston, and the discharge valve in the 
pump head. By placing the valves in these positions a very large 
valve area is obtained, and in order to got .sufficient opening for the 
free passage of the gas, it is only necessary for the valve to lift a very 
short distance. The advantages of this are twofold, the fir.st being 
that while the piston is performing the downward or suction stroke 
the gas can flow into the pump easily and without any bach pressure 
■being set up. Second, owing to the slight lift necessary with the 
largo valve, but little beat upon the seat takes place. The same 
remarks apply to the discharge valve, and with a very free passage 
for the discharge of the compressed gas, the pump can be worked 
with the least possible expenditure of power. Another point'is that 
of the rarefaction, or otherwise, of the gas as it enters the pump 
during the suction stroke. In the Enoch compressor the suction valve 
being placed in the piston and the cold gas always coming into the 
pump at the bottom, the entrance of the gas into the pump at the 
lowest possible temperature is ensured. The gas increases in volume 
as it increases in temperature, and if the temperature is kept as low 
as possible the weight of gas pumped at each stroke is greater than 
it would be if the gas is rarefied on entering the compressor. 

Fig. 37 shows the pattern of ammonia compressors of the 
inclosed type adopted by Mr Enoch for the machines of 32J tons 
and SS’tons. 

ITie larger (32J tons and over) machines on test show a volumetric 
efficiency of 97 per cent., and work almost silently. The lift on the 
valves is only about J in. All valves and seats are cut out of 
solid steel, and the machines are balanced so that when required they 
can be run at much higher speeds. The condensers and evaporators 
are of the “ heat-interchaiiger ” type, the hot gas enters at the top, 
and the cold water enters at the bottom. Consequently the liquefied 
ammonia goes out at about 61°, with water going in at 60°. .This* 
is a great'advantage, because on an ordinal^ evaporative condenser 
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witli water going on at 60', tlw* liquid ammonia rarely comes off 
under 75°. 

The same {)rmciple applies to the evaporators, which are of the 
double-pipe “ heat-interchangcr ” type, the ammonia flowing through 
in the opposite direction to the flow of the brine. Consequently the 
cooled brine comes down within 2° or 3° of the temperature represented 
by the back pressure of the ammonia. This enable.? a very high back 
pressure to be carried for a given brine temperature. 

Fig. 38 is a sectional elevation of the Enock self-oiling compressor, 
midget type. In this machine the gas comes in through the suction 



Fig. ,37. —Enock Inclosed Type.fl,’) ton Compressor. 


stop-valve A down suction pipe n, and into pistons o through the holes 
in upper ends. As piston descends, gas passes through suction valve 
D and (as pisjjon ascends) is compressed through discharge valve m, 
along passage f up discharge pipe p (shown partly behind suction pipe 
b) past discharge stop-valve a into condenser coils ii. The water 
running 'over coils cools the gas and causes it to condense, and the 
resulting liquid ammonia passes out through small pipe .1 into a 
receiver (not shown) and is ready to do its cooling work again in the 
expansion coils. The crosshead spring K allows the crankshaft l to 
press the pistons against the discharge valve seating v, and thus to 
expel aU the gas with perfect .safety. The suction and discharge valyes 
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can be taken out and examined with ease, and in a few minutes by 
taking off the top cover of the machine. Working parts are lubricated 
by the oil bath, which being under slight pressure Also effectually 
seals the packing joint m (the only place where ammonia might other- 



Fig. 38.—Enock Self-oiling Compressor, Midget Type. Sectional Elevation. 


,'wiM escape) and thoroughly lubricates the crankshaft bearing. The 
packing bush u is pressed up by the packing nut 0 which is threaded, 
and eannot be set up unevenly like an ordinary gland bush'. ,T&' 
fly.wbiil P and' loose pulley q are supported by an extra bearing h. 
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ao no strain ever comes on the packing m. Two plugs, s s, are pro¬ 
vided for finding height of oil in bath without opening up chamber, 
and no gaugd glasses are necessary. Oil is put in at plug t. 
The feet of machine and outer bearing are planed on underside and 
mounted on a strong rigid cast-iron bed plate u, the whole being very 
compact. 

The ammonia compression machines designed by Carl Linde, and 
first patented in 1870, are extensively used, and this type of machine 
is said to give very good results. 

In the Linde compound ammonia (compressor the high and low 
pressure pistons are both coujiled to the same piston-rod, and an 
intermediate chamber connected with the suction and back pressure 



Fig. 39.—Linde Horizontal Type Compound Ammonia Compressor and 
Compound Steam Engine. Plan View. 


side connects the cylinders. The pressure of the gas at its inter¬ 
mediate stage is conducted by a suitable pipe from the front of the 
low pressure piston to the rear of the smaller cylinder, where it acts 
on the smaller jiiston in the reverse direction, and directly balances an 
equal area of the large piston. 

Fig. 39 is a plan view showing a compound ammonia compressor, 
combined with a compound steam engine. In the drawing u is the 
high pressure cylinder, and N the low pressure cylinder of the com¬ 
pound steam engine, and o is the low pressure cylinder, and p the high 
pressure cylinder of the ammonia compressor. 

In this machine it will be seen that the entire power of the engine 
is applied to one crank* and the compressor is driven off the other 
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crank. Tlii.s arranf;emont entails the pi'ovi.siou of a very powerful 
crankshaft and hoariiif'.s to admit of its safely withsta.nding the 
double .strain to which it is thus subjected during work. An objec¬ 
tion to the arrangement is the additional amount of friction to which 
it gives rise. 

A type of Linde machine, intended especially for land installations, 
comprises compound ammonia compnasors, arranged in line hori¬ 
zontally and driven from a crank upon a crankshaft placed centrally 
between the two compressors, and at right angles thereto. The 
necessary motion is imparted to the crankshaft by means of a tandem 
compound jot-condensing engine. 

The methtjd employed by Linde to prevent leakage of gas past 
the piston rod stuffing box and glaiid, is to provide a chamlKu- or recess 
in the stuffing box, glycerine or some other suitable lubricant being 
constantly forced into this chamber <ir recess at a .somewhat higher 
pressure than that existing in the coniprcissor cylindei’, the result of 
which i.s that the tendency is rather for the lubricant to leak or e.scape 
inwardly, than for the ammonia to leak outwardly. A suitable separator 
is provided for the elimination of any lubricant that finds its way into 
the pump or compressor cylinder, and ])as.ses out with the amiiKjiia. 

Another feature in the Linde machine i.s the method of cooling 
the vapour in the compression cylinder, by the introduction into the 
latter of a small portion of liquid ammonia with the gas or vapour, 
at the commencement of each stroke, whereby it i.s reduced to a refri¬ 
gerating temperature. 

According to Mr Lightfoot, the following are the results that were 
obtained from tests made, in an exbau,stive and impartial manner, 
by a committee of Bavarian engineers, with an ammonia compression 
machine constructed on the Linde system, and erected in a brewery in 
Germany ;*— 


Nominal capacity of machine, ice per 24 hours ■ 

Actual production of ice, per 24 hours ■ 

„ „ „ per hour 

Heat abstracted in ice-making, per hour 
Indicated horse-power in steam cylinder, excluding that 
required for circulating the cooling water, o.nd for 
working cranes, &c. - 

Indicated horse-pow’er in ammonia pump 
Thermal equivalent of work in ammonia pump, per hour 


24 tons 
.^9*2 tons 
3,659 lbs. 

731,sod units.T 


53 I.H.P. 

,38 I.H.I*. 
97,460 units.t 


* Froceedhtgs, Inititutim of Mechanical Engineers, 1886, p. 218. , 

t A thermal unit is the amount of heat necessary to raise the temperature of 
1 lb. of water 1' by the Fahrenheit scale when at 39'4“. Mech. eq. 778 ft.-lbs. 
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Ratio of work in pump to work in ice-making - - lto7’5 

Total feed-water used in boiler, per 24 hours - - 26,754 lbs. 

Ratio of-coalponaumed to ice made, taking an evapora¬ 
tion of 8 lbs. of water per lb. of coal - - - 1 to 26’3 

The pumps were driven by a Sulzer eugini-, developing 1 I.H.P. 
with 21-8 lbs. of .steam pci hour, including the amount condensed in 
the steam pipes. 

The Linde machine, as built in the United States, shows several . 
constructional differences as compared with the first type of machine 



Pig. -W.-Amcr-'an Pattern Linde Horiuuntal Typo of Ammonia Compreasor. 
Vurt Scctifinal Viow. 

made in Germany. Pig. 40 is a sectional view illustrating the most 
i-ecent design of Linde compressor cylinder, as made by the Pred. W. 
Wolf Co., of Chicago, IT.S. 

The pattern .of rnwhine made by the Vilter Manufacturing Co., 
of Milwaukee, U-.8., consists of either one or two horizontol double- 
actihg ammonia compressors driven by a horizontal Corliss engine, 
the engine and compressor cranks being keyed on the extremities of 
ttie cranksliaft at angles to one another, so as to cause the highest 
gas pressure in the compressor to take place at the time when the 
6 









Fig. 41.—Horizontal Type of Belt-driven Hum! oldt Ammonia Compiessoi. 
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highest steam pressure is acting on the engine. The ammonia com¬ 
pressor is cast with slides and pillow block all in one piece. The 
wearing surface 'of the compressor consists of a cylindrical bushing or 
lining which is forced into the water jacket after the latter is bored. 
Four anmionia (a>mpres.sor valves are located in the two circular heads, 
the latter fitting into recesses and being packed with nietidlic packing. 
Tlie suction and discharge valves an; rendered noiseless in action and 
their life considerably prolongcfd by the provision of gas cushions. 
The compressor plungei- is fitted with self-adjusting packing rings and 
also bull rings, and the piston and follower are turned circular to 
exactly fit the front and rear heads of the compressor, and thus to 
reduce the amount of clearance as far as practicable, the plunger rod 
being, moreover, adjustable lengthways, thus admitting of an .oqual'^ 
division of the clearance being made, an<l the wear of the crank and 
crosshead boxes being taken up when desired. 

Leakage of gas past the piston >.r plunger rod is prevented by a 
stutting box and gland fitted with a metallic packing, held in position 
by a long sleeve, oil lieing circulated through the latter by means of 
an automatically operated oil pump, and the oil acting both to 
lubriijate the piston or plunger rtxl, and tf) form a seal to prevent 
the escape of ammonia. A separate support bolted to the frame of the 
compressor holds the outer extremity of this hollow .sleeve in place, a 
packing b(ung pi-ovided at the outer end of this support for retaining 
the oil. , 

By-jiasses are provided between the suction and discharge pipes in 
close proximity t.. the compressor, thereby admitting of the valves 
being operated for pumping out the condensei'. 

Wedge adjustable shoes are provided in the c'o.s6beads, and the 
connecting rods are fitted with solid heads, the former having a solid 
brass l)ox, and the crankpin a brass box lined with babbit metal, 
wedge adjustment being provided in both instances. 

Fig. 41 shows an ammonia compressor made by the British 
Humboldt Engineering Co., Ltd. The valves of this machine are 
of the well-known Humboldt pattern, which construction has for 
many yi ai.s past given good results in practical working. The 
stuffing box is fitt -il with metallic packing, and a special injection 
device is provided for the freezing agent, by which arrangement, 
amoilgst other advantages, a cool stuffing box is ensured. 

Tlie Fixary oompressor is shown in vertical central section, some of 
the parts being left in elevation in Fig. 42. it consists of two vertical, 
single-acting cylinders A, e, having an equalising chamber c, situated 
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between them, at the upper extremity of which is provided a small 
valve governing an aperture leading to the suction side of the com¬ 
pressor. In the upper extremity of each of the cylinders a, b are 
provided two valves, that on the right-hand side opening inwardly and 
being the suction or inlet valve, and that on the left-hand side opening 
outwardly and being the outlet or delivery valve. The space below 
the pistons is filled with oil which lubricates the pistons, whilst at 
the same time preventing the gas from escaping past them to any 



■ Fig. 4'2. —Two-Oylinder Hiiiglii-Acting Fixary Cumpressor. 
Vertical Central 8ootioii, 


great extent. Any gas that does find its way beneath the pistons passes 
into the equalising chamber c, where any accumulation of it is drawn 
off by the compressor, through the small valve in the upper extremity 
thereof, and one or other of the suction or inlet valves, and again 
returns to the system through the outlet or delivery valves. The oil 
that may be carried through the valve in the equalising chamber 
serves the purpose of sealing the valves and filling up the cleaparfee 
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The characteristic feature of the Neubecker system is the special 
device for preventing leakage taking place round the piston rod. To 
effect this, the •stuffing or gland box, through which the piston rod 
passes, is so enlarged as to form an annular recess or chamber surround¬ 
ing the rod, which chamber is partly filled with oil, and maintained 
at a' corresponding pressure to that prevailing in the surrounding 
atmosphere, by means of a compensating chamber, which latter is 
connected at its upper extremity to a small auxiliary pump through a 
pipe, the inlet to which is governed by a valve connected to, and 
controlled by, a metallic diaphragm, the upper side of which diaphragm 
is exposed to the pressure of the atmosphere. 

The operation of this compensating chamber is as follows;—The 
gas which may escape into the stuffing box chamber passes into the 
compensating chamber, and as soon as sufficient has thus accumulated * 
to raise the pressure therein above that of the atmosphere, it acts 
upon the flexible diaphragm to expar d it outwardly, and thereby open 
the valve communicating with the above-mentioned auxiliary pump, 
by which the gas is drawn off or removed and delivered into the 
refrigerator. The pj ossure in the separating chamber then again falls 
lielow that of the atmosphere, and the diaphragm being forced inwardly 
by the atmospheric pressure, the outlet valve closes. The lower portion 
of the compensating chamW forms a well, wherein any oil that leaks 
past the piston rod gland of the compressor, as also that coming from 
the .separator, accumulates, and is heated by a steam coil or worm, so 
as to drive oft’ any gas that has been absorbed by the oil, after which 
the latter is draw?- off from the bottom of the compensating chamber 
to be cooled and filtered for further use. 

'Yarious patterns of ammonia compressors are constructed by the 
Pulsometer Engineering Co., Ltd., on their improved system, ranging 
from 1 ton ice-making capacity per twenty-four hours, up to 
installations on the same principle, with a capacity for an output up 
to 26 tons of ice or more per day of twenty-four hours. 

In a type of apparatus particularly suited for export, everything, 
including the steam engine, compressor, gas condenser, refrigerator, 
and ice tank, is mounted on one continuous bed, all the ammonia 
connections are readj made, and the whole can be readily put in one 
case and sent abroad, all that is necessary on its arrival being to 
charge the machine with gas and tlie ice tank with brine. 

In the case of a small machine of 1 ton ice-making capacity, 
such as that first mentioned, either a vertical high-pressure engine, or 
an horizontal one, or any other suitable motor, is employed; for 
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larger sizes, liowever, these makers prefer to use cross compound 
condensing engin(ss of the horizonta] type, and of extra size to provide 
an ample margin of power in liot weather, and to give the best results 
as to saving in steam consumption from an early cut-off, and each 
engine driving a compressor tandem. The engine condenser is generally 
made of the surface condensing type, and, together with the water 
circulating pump, placed between the engines and driven from the 
low-pre.ssure crosshead. This arrangement has Iwen found in practice 
to be, with long strokes of, say, at least .10 in,, most reliable, and it 



Fig. 4.3.—Horizontal Htaible-Acting Ammonia Compressor, Pulsometer 
, Engineering Co., Ltd. 


admits, moreover, in the event of an emergency, of running at a'high 
speed. In cases where the very highest economy is desirable, triple 
or quadruple expansion engines are desirable. 

Fig. 43 illustrates one of a pair of pumps employed in a brewery 
and having a cooling capacity of one hundred barrels per hour. As 
will be seen from the drawing the ammonia pump is of the doiible- 
acting type, and is arranged horizontally. It is intended to be driven 
from any convenient source of power already extant in the breyrery. 
To obviate leakage and loss of ammonia gas, the stuffing box is fitted 
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with a special oil-lubricating arrangement, b}- moans of which a gas- 
tight joint is seen red without any necessity for screwing tip the gland 
so as to grip too tightly. The valves work without any springs or 
buffers, and in the larger sizes are so arranged that they can be 
adjusted from the exterior; they are also of ample area, thereby 
reducing the pressure on the pump, and preventing the latter and 
the engine from being overworked. 

Tlie condenser is fitted with .sets or series of lap-welded tubes, 
which are subjected to high tests both by hydraulic and air pressure, 
and are secured in a special arrangement of return heads or ends of 
forged steel. The inlet and outlet valves are also of forged steel. 

The evaporator or refrigerator consists of a welded steel shell, 
having hammered steel tube plates into which are fitted lap-welded 
tubes (subjected to a similar test to those of the conden.ser) in'such w 
manner that they can be readily withdrawn from the shell for inspec¬ 
tion or renewal, and the wdiole is fitted in a tank with suitable brine 
pump connections. The inlet and outlet tubes are likewise of forged 
steel. 

The makers prefer the use of sets or series of tubes in their con¬ 
densers, and refrigerators, to that of coils or worms, for the following 
reason.^ That coils or worms are usually made in long lengths with 
a number of welds, consequently should such a tube at any time 
exhibit signs of weakness it would entail a heavy expense to renew it, 
both on account of the weight of metal and the difficulty of replace¬ 
ment. * In a refrigerator, in addition to the above, the use of a coil 
gives rise, according to them, to a tendency to prime, and thus cause 
damage to the pump, and there is, moreover, they say, considerable 
trouble in bringing the brine into such intimate contact with the 
outer surfaces of the tubes as is advisable. 

When desired, an arrangement can be fitted to this ammonia com¬ 
pression machine, by means of which the ammonia can he pumped 
from the refrigerator into the condenser or vice versd, or, if desired, 
out of the machine altogether. 

An advantage of no small importance possessed by this apparatus 
is that of the utmost simplicity of construction, thus considerably 
facilitating ihe management. The workmanship and design, more¬ 
over, are calculated to ensure the attainment of the greatest strength 
and of the maximum durability possible. 

Fig. 44 is a perspective view illustrating a small single-acting verti¬ 
cal ammonia compressor and condenser, constructed on the Kilbourn 
inclosed type system, tp this installation the machine is intended to 
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be driven by a gaa engine, or other suitable .source of power, and it is 
designed for cold storage on the direct expansion sy.steni. The floor 
space occupied is .small, being only for the entire plant, including a 
gas engine of 4 N.H.P., 12 ft. by 4 ft. 6 in., and the machine is 
capable of maintaining a storage capacity of from 8,000 to 10,000 
cub. ft., at a suitable temperature for frozen mutton, or, with the 
necessary appliances, of making 2| ton.s to 2 tons of ice per twenty- 



. Fig. 44.—Small Vertical Single-Acting Kilbourn Inclosed Typo Ammonia 
Compressor and Condenser. ♦ 

four hours. The condenser and refrigerator are composed of lap- 
welded iron coils fitted in steel or wrought-iron shells. 

The late Mr J. K. Kilbourn, C.E., was the inventor and patentee 
of a number of improvements in, and connected with, refrigerating 
machinery, his chief speciality being, however, marine refrigeration, he 
having had a wide experience in this direction, and several marine 
types of ampionia compression machines, constructed on his system, 

























THE COMPRESSION PROCESS OR SYSTEM. 89 

will be found de-scribed and illuntratod in the chapter on Marine 
Installations. 

Fig. 45 is "a sectional view of the Triumpli Ice Machine Co., Cin¬ 
cinnati, 0 ., U.S., horizontal pattern double-acting ammonia compressor. 
It will be seen from the illustration that the cornpre,ssor is provided 
with five valves, viz., three suction valves and two discharge valves, 
the third, or auxiliary suction valve, being much lighter than the 
main valves, and perfectly balanced, and it being claimed by the 
makers tending greatly to increase, the economy of the machine. 

Obviously the main suction valves must nece.ssarily be of sufficient 
dimensions to admit the charge quickly at the commencement of each 



Fig. 4,4.—Double-Acting Horizontal Type Triumph Ammonia Compressor. 
Seciional View, 


stroke, and the springs controlling them must consequently have an 
appreciable tension. It will be readily seen that owing to this fact the 
pressure of the gas in the cylinder, during admission, must be less than 
it is in the sudtion pipe by an amount equal to the tension of these 
springs. By the use of the above-mentioned third, or auxiliary suction 
valve, which is comparatively light, and is consequently operated 
with a very light spring, the pressures in the compressor pump are 
eqhalised, and a fuller charge is obtained at each stroke, thereby 
increasing the efficiency of the machine. 

!nie valves comprise each a guard screwed on to the stem, fitted 
nside a cage, and so ribbed as to reduce the port area, the bottom ol 
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the stem Iwing enlai'ged for that reason. Stems extending from both 
the suction and discharge valves to the exterior, and pa.ssing through 
stuifing boxes, admit of their being adjusted from the outside, and 
any desired degree of tension being put upon the springs. Tlie object 
of this arrangement is ’ to adjust the machine for working at different 
pressures, and the relative temperatures thereof. 

There are three packing compartments in the pistfm rod stuffing 
box, and it is fitted with a suitable relief valve communicating with 
the suction. The heads are formed concave, and of a radius which 
enables a larger valve area to lie secured. Tbe principal shut-off 
valves are of such a form of construction as to admit of their being 
packed whilst the machine i.s working, and a feature in the design of 



Fig. 46.—Double-Acting Horizontal Typo Triumph Ammonia Compressor 
and Tandem Compound Condensing Engine. Plan View. 


this machine, which is of by no means inconsiderable advantage, is 
that every portion of the compressor is easily accessible. 

Fig. 46 is a plan view showing a double-acting compressor, coupled 
direct to a tandem compound condensing steam engine. This machine 
is of 400 tons capacity, and comprises the features already described 
with reference to Pig. 46. It is so arranged that each cylinder can 
be operated, single or double-acting, on either end. A separate crank 
and outer bearing are provided, thereby adding considerably to the 
strength of the shaft. Another point of construction which is of 
considerable advantage is that the whole machine is arranged on' a 
straight line, thereby giving great strength and rigidity. It is also 
claimed by the makers that there is no breathing (rf the cylinder 
in this construction, and that a great deal of unnecessary clear- 
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ance is not allowed to take place at eacli compression .stroke of the 
machine. 

The main feature of novelty claimed in the ammonia compressor 
invented by Thoma.s Bell Lightfoot, and for which ho obtained a 
patent in 188,'5, is that compres.sion is effected at one side only of 
the piston, the other side being expo.sed merely to the pressure of 
the vapour as drawn in from the refrigerator. The suction valve is 
placed concentrically within the piston, and the delivery valve within 
the cylinder cover. 

The main distinctive feature of the Pictet machine is the means 
adopted for preventing .superheating of the ammonia gas during com¬ 
pression in the cylinder of the pump, and the loss that would ensue 
therefrom, which, were there no means emph>yed for its reduction, 
might amount to a.s much as 30 per cent, in a double-action compressdr. 
In some arrangements, as has be'm already mentioned, provision is 
made for effecting this by injecting a small quantity of liquid into 
the compressor, which liquid in evaporating maintains the gas or 
vapour in a condition of saturation, thereby admitting of the com¬ 
pression being effected under such conditions as to approximate more 
closely to the i.sothermal function; in others, again, the compressor 
cylinfler is water-jacketed for a like purpose. In the Pictet machine, 
however, in addition to a water jacket round the compressor cylinder 
or barrel, the piston and piston rod of the compres'or are likewise 
formed hollow, and through this space a constant stream of water is 
kept circulating for cooling purposes. 

The results obtained by this arrangement are much lessened by 
the great thickness of metal that is required in the parts. The 
loss in a well-jacketed and water-cooled compressor, according to the 
experiments* of Professor Denton, amounting to 21T per cent., and 
where less efficiently jacketed the loss may ri.se to about 25 per cent. 

In the specification of a patent granted to Ttaoul Pictet in 1887 he 
describes an improved vessel or compartment for use in a refrigerating 
apparatus, wherein the volatile liquid employed is subjected to evapora¬ 
tion so as to produce cold, which refrigerates brine or other non- 
congealable liquid surrounding the evaporating compartment. The 
improved^ cooler or refrigerator is claimed to be suitable for use 
with either a compression or an absorption machine, and consists of 
two tubes arranged horizontally, and connected at their extremities 
by bent tubes, and at their lower sides by pendant U-shaped tubes, 
which latter are preferably secured by means of solder joints to sockets 
♦ Traniactiom, AMerican Society of Mechanical Engineere, vol. xii. 
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brazed on the tul)es, .and are fui'tber connected with eacli other by 
conducting bands. 

In the latter part of 1887 a patent was obtained by Samuel Puplett 
and Jonathan Lucas Rigg for impi'evements in refrigerating machines, 
and several furtlicr improvements liavc since been added by Puplett. 

The main features of the 1887 patent, which are equally applicable 



Fig. 47.—Double-Acting Puplett Ammonia Compression Machine. 


to any ice-mahing and cooling apparatus wherein any one of the con¬ 
densable gases is used as a frigorific agent, are as follows;— 

The provision of chambers or reservoirs either situated directly at 
the bottom of, and communicating with the inlet valve chests, or ih 
any other suitable position, and connected thereto by means of pipes. 
These chambers or reservoirs serve to receive the oil which finds i^s 
way into the cylinder of the compressor pump^ principally round the 
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piston rod, and which would other¬ 
wise accumulate beneath the 
valves. To the underside.s of the 
chambers or reservoirs are fitted 
draw-ofif cocks, by means of which 
the oil may from time hi time be 
withdrawn whilst the machine is 
in motion, and without any ap¬ 
preciable loss of gas or admission 
of air taking place. 

Complete liquefaction of the 
gas i.s ensured by carrying the 
return liquid pipe between the 
condenser and refrigerator through 
the refrigerating or ice making 
tank or box, instead of outsic'o 
the latter, a.s is usually done, thus 
utilising the low temperature of 
the brine to complete the con¬ 
densation of the gas. 

In Fig. 47 is illustrated a 
modern type of Puplctt ammonia 
compre.ssion machine especially 
designed for use in breweries for 
cooling worts and yeast rooms. 

The cooling capacity of this 
machine varies from 20 barrels 
of worts per day to 200 barrels 
per day, and the horse-power re¬ 
quired from 3 up to 12, in accord¬ 
ance with the size of the machine. 
The apparatus can be connected 
to existing hot and cold liquor 
backs and collecting tanks. 

Sir Alfred Seale Haslain took 
out a patent in 1894 for an im¬ 
proved ■ compressor especially in- 
tfended for use with refrigerating 
machines, and particularly ap¬ 
plicable to compound compressors 
wherein the gas is compressed in 



•Horizontal Type Oompound Haslara Ammonia Compressor. Vertical Central Section. 
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stages. The objects of the invention are to prevent the gas from 
escaping or coming in contact with the air, and to avoid dead spaces 
in the apparatus. The chief novel features are claimed to be as 
follows:—First, a pump cylinder having a chamber at one or both 
ends through which the piston rod passes, and which is kept supplied 
with lubricating and sealing liquid from a reservoir through which 
the gas to be compressed also passe-s. Second, two single and double 
acting pumps arranged tandem to each other, and with the compres¬ 
sion ends of their cylinders next each other, and having between 
them a chamber supplied with lubricating and sealing liquid, through 
which their common piston-rod passes. Fig. 48 shows this machine 
in vertical central section through one of the ammonia compressor 
cylinders, drawn to an enlarged .scale, and illustrating the self-sealing 
oh chamber. 

The operation of tliis compressor is as follows: —After adjiusting 
the glands of the receiving and separating vessel, the lattei’, and the 
central chamber, is charged with lubricating and sealing fluid to a 
suitable height. The gas is then drawn through the supply pipe, 
accompanied by the requisite amount of the lubricating and sealing 
fluid, which latter is admitted to the low-pi-es.sure cylinder by a coiA 
or valve, through the suction valve, and compression to the desired 
extent is then carried out. 

Fig. 49 show.s a Haslam machine having one double-acting com¬ 
pressor driven by a compound di'op-valve. steam engine. 'J'be oomppessor 
is of the standard Haslam type, with two suction and two delivery 
valves in each cover. The trunk form of guide is found to give gi’eat 
rigidity and ensure perfect alignment. Tlie steam engine is of the 
Haslam latest drop-valve tyjie, having governor regulated inlet valve.s 
on the high-pressure cylinder. The machine shown in the illustration 
has recently been built for a large meat freezing works in South 
America. The compressor is 22J in. by 40 in. stroke. An inde¬ 
pendent steam surface condenser and ammonia condenser of the 
evaporative type are usually supplied with machines of this class. 

Fig. 50 illustrates a Haslam horizontal machine with .compound 
^engine and two ammonia compressors of the double acting type. The 
arrangement of the steam engine valve gear, with the governor con¬ 
trolling tlie inlet valves of the high-pressure cylinder, will be clearly 
seen-in the engraving. The low-pressure cylinder is steam-jacketed, 
and both cylinders are lagged and covered with planished steel, and 
have polished iron caps over the end covers. If desired, one compressor 
may be worked while the other is being overliaqled. 




Fig. 49,—Horizontal Type of Haslam Double-Acting Ammonia Compressor with Compound Drop-Valve Steam Engine. 
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P’ig. 51 shows a Haslam horizontal compound ammonia machine 
which is specially suitablo for working in hot climates, where the 
tera{)erature o£ the water used for the ammonia condensers is high. 
The steam engine is of the compound “drop-v'alve ” type, and drives 
two compres.sors from the tail rods, arr.anged to compress the ammonia 
gas- in two stages. The low-pressure ammonia compre.ssor is of tlie 
double-acting type, and the high-pressure ammonia compres.sor is of 
the single-acting type, so that the gland is only subject to the inter¬ 
mediate pressure. The machine from which the illustration is taken 
has for some years txjen making ice at Singapore, and has given 
excellent results. 

Amongst the pioneers of refrigerating machinery in the United 
States was Mr David Boyle. The modern type of Boyle ammonia 
compressor consists of two vertical single-acting pumps arrarfged iif 
combination w-ith a vertical or an horizontal engine. The compressor 
valves are mounted in removable, valve boxes, and both the suction and 
discharge valves are situabsl in the upper head, where they are held in 
place by cross-bars and a set-screw to each of them. There is a division 
in the cei tre of the head. TIk; gas being delivered through its pipe, 
which is secured in an extension on the cylinder communicating with 
the intsl, chamber, enters the cylinder through its valve on the 
downward stroke of the piston. The gas is compressed upon the 
upward or return stioke of the piston until such time as it becomes 
equal to the prc.ssure in the condenser, when the discharge valve in 
the opposite side of the head rise.s and permits the discharge of the 
gas through the valve and communicating chamber to the compressor 
discharge pijie, to take place. 

The suction chamber likewise communicates with the lower end of 
the cylinder of the coinjiressor so as to allow the latter to be filled 
with gas (luring the upward stroke of the piston, and to permit its 
escape therefiom during the downward stroke of the piston. A solid 
pattern of piston fitted with a number of snap-rings having sufficient 
tension to prevent any leakage of gas, is employed, and the piston rod 
stuffing-box gland is adjustable through a worm and worm-wheel 
arrangement by means of a hand-wheel from the exterior. 

A water jacket surrounds the upper part of the compressor cylinder, 
and an inlet and outlet admit of a constant flow of water being 
maintained through the same. 

The York Manufacturing Co., of York, Pa., U.S., are makers of 
compound ammonia compressors in which all the gas has to be drawn 
through the suction valvjs, and these latter have to divide the space 
7 
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on the heads of their cylinders together with the delivery valves, 
being consequently limited in dimensions. When the compressors are 
of large sliie Hie gas is passed through a condenser between the two 
stages of compression for the purpose of abstracting a portion of the 
heat, reducing the volume and saving power. The connecting pipes 
are located on the b)p, and in some instances a tubular condenser is 
provided, which arrangement is said to give good results. The valve 
in the low-pressure cylinder is formed annular, and, therefore, requires 
only about half the lift of a mitre valve in order to give the same 
discharge opening. 

These makers arrange their compi’essor cylinders vertically, but 
they employ in combination therewith botli vertical and horizontal 
steam engines. 

The medium-sized machines are made with two^ low-pres8u?e 
cylinders placed on the outside, and one high-pressure cylinder placed 
lietween thorn. 'J'he crankpins of the low-pressure pistons are fill 
in liiK, and the high-pressure crankpin on which the horizontal 
engine works is plaaal at 180°. 

In the case of the very largo-sized machines four compressor 
cylinders are arranged in .1 row, imd are worked by four cranks, the 
two oStside -ones of which are high pressure, and the two intermediate 
ones between those being low pressure. The two connecting reds from 
a cross-over compound engine each operate respectively one of the 
outer ^uank.s. The fly-wheels are overhung, and the pipes from the 
cylinder heads connect the high and low pressure cylinders through a 
condenser or ciKiler. 

This company also build single-acting compres.sors, and in Fig. 62 
is shown one of their latest designs • f a vertical type of single-acting 
machine. A large type of compressor constructed by them, and having 
a capacity of 400 tons refrigeration, has two single-acting ammonia 
pumps 30 in. in diameter by 48 in. stroke, and driven by a horizontal 
cross compound condensing engine, having a high-pressure cylinder 
of 30 in. diameter, and a low-pressure cylinder of 58 in. diameter 
by 48 in. stroke, the crankshaft being provided with two throws and 
four bearings, and the fly-wheel being in the centre of the bed-plate 
between the two cranks. The weight of this machine is over 178J tons. 

The vertical type of ammonia compressor made by the Remington 
Machine Co., Wilmington, Del., .U.8., is of the single-acting inclosed 
crank pattern, the crankshaft extending through one side of the 
casing only, and being fitted with a single stuffing box on that side, 
and a central bearing, s» as to render the construction more rigid. In 
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the bottom of the casing is an oil bath into which the cranks dip, and 
the central bearing is at all times flooded with oil. There are two 
cylinders, cast in one, and fitted with heads carrying tl« suction and 
discharge valves mounted in cages. The heads of the two cylinders 
are connected on the suction side to a strainer-box for intercepting 
any dirt or foreign matter, and the discharge side is connected with 



Fig. 5-2. —Smglc-Actiug Vertical Type Ammonia Compressor (York Manufacturing 
- Company). Sectional Flcvation of Complete Machine. 

a throttle valve which is common to both the cylinders. The pistons 
Hre of the common trunk pattern. This machine is typical of the 
inclosed compressor made by the Automatic Refrigerating Machine 
Co., Sydney, N.S.W., and San Francisco, and of a number of machines 
of this class made by various other malcers. 

The ammonia compres.sors constructed by the Tuxen and Ham- 
nierich’s Engineering Works, Ltd., of Nakskov, Denmark, are mostly 
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of the horizontal double-actiiijj; typo. Fig. 53 shows a l>>lt(h*iven 
machine. . The pump cylinder is fitted with a lining made from a 
special hard mixture of oast iron, so .as tii ohviah' the porosity which 
is inevitable when th<!y are. cast in one ]>iece, and llius to prevent tho 
absorption of ammonia l)y the m(‘tal. V\ luai woiai, moreover, a linei’, 
or bush, of this ilescription can h(' removed, and ix'placed by a new 
one, the cylinder Ix'ing thus reiiewe^l at mucli less cost in time and 
mopey than is tin' (5aKe wlu'ii tlu' cylindei* is made of a single casting. 



I'ig. 53.— Horizontal Tyjjo of Belt-driven Tuxen and TTamnieri<-i» Ammonia 
OjjnpresRor. 


The valves ai.p'ina(le of steel, and the valve lioxes ai'e arranged in such 
a manner that the valves can lx' withdrawn without necessitating the 
disconnection of any other jmrtioii of the macdiine oi’ connections. 

,A gas-tight joint is formed at the piston or plunger rod stuffing 
box by means of an oil chamher formed Ixdween the packing rings, 
and by a patented arrangement the pressure of the gas in the com¬ 
pressor is employed to maintain a constant pressure of oil in this 
sealing cliamber; in this manner, it will be seen, the tendency of the 
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ammonia itself to escape is utilised to prevent its escape. Another 
feature in this compressor is that the oil chamber is connected to the 
suction side of the compressor, so that in the event of the machine 
running hot it may lie cooled by the simple expedient of running a 
current of cold air through the oil chamber. This arrangement is free 
from valves, and other working parts which are liable to fall into 
disrepair, and, moreover, requires practically no attention, and is 
claimed by the makers to admit of a pressure being kept up equal to 
tbe pressure of tbe ammonia, however much the latter may vary, a 
duty which it is impossible to perform by any arrangement of pump, 
and besides which the latter arrangement is, according to them, 
inferior in many other respects. 

In a type of double-acting vertical ammonia compression machine 
constructed by the Buffalo Refrigerating Machine Co., of Buffalo, 
N.Y., U.S., the ammonia pump cylinder and the steam engine cylinder 
are in line vertically, and are bolted to a cast-iron framing mounted on 
a -Jieavy bcal-plate. Fig. 54 shows the ammonia compressor cylinder 
in vertical central section. The piston is fitted with self-adjusting 
packing rings, one at each end, and the pressure of the gas acts upon 
the conical surfaces of these rings so as to expand them outwardly 
equally in all directions, and so form a gas-tight joint. The pressure 
and suction valves are of large area, so that all wire-drawing of the 
gas is avoided; moreover, they are so arranged as to leave a minimum 
of spaces to retain gas, and they are formed with lengthy’ guide 
surfaces, and supplied with cushioning chambers, to prevent improper 
strains, and admit of their closing upon their seatings without noise 
and hammering. On the bottom of the suction valve stem a collar 
is provided, which has the advantage of preventing it from falling into 
the compressor cylinder should the nut on the upper end of the valve 
stem accidentally work off. 

The valves are mounted in cages, which, it will be seen from the 
drawing, are so constructed that they can be readily removed from, or 
replaced in position, without necessitating the dismounting of any other 
part. A lengthy stuffing box is provided to prevent leakage of gas 
round the piston rod, and an oil chamber therein, between the upper 
and lower packings, is automatically supplied with oil from an oil tank. 
This oil tank is charged with oil, as necessary, by means of a hand 
pump connected to the tank. The lower part of the stuffing box oil 
chamber is connected with the lower part of the oil tank, and the 
upper , part of the latter is connected with the suction valve of the^ 
compressor, as_ shown in the illustration (Fig. 54). The result of this.- 
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arrangement is that the oil in the oil tank is constantly under the 
suction pressure of iho machine on both top and bottom ends of the 
cylinder. The oil tank being higher than the stuffing box oil chamber, 



Fig. 64.—Vortical Type of Steam-driven Buffalo Ammonia Compressor. 
Vertical Central Section through Cylinder. 


the oil flows from the former to the latter by gravity, and should any 
leakage of ammonia occur through the first layers of packing into the 
stuffing box oil chamber, it will be drawn into the suction pipe of the 



104 REFRIGERATION AND COLD STORAGE. 


machine, and in this manner, according to the makers, provision is 
made to prevent the stuffing box pressure over cxccoding the working 
suction pressure of the condenser. 

Suitable valves on tho connecting pipes communicating with the 
oil tank admit of regulating the amount of oil pas.sing to tho stuffing 
box oil chamlx!!’, and enough oil adheres to the piston rod, and passes 
into the cylinder to lubricate the latter. 

The clearance spaces between the piston and thci heads of the 
compres.sor cylinder are induced to the lowest pos,siblo point, the 
thickness of a sheet of packing being all that is provided. As will 
be seen from the drawing, tln^ compressor cylinder is completely 
surrounded by a water jacket to carry off the heat gem-rated during 
compression. 

The Arctic Machine Manufacturing Co., of Clevcdand, Ohio, U.S., 
have been succe.ssfully manufacturing ndrigerating machinery tor the 
past twenty-two years or more, and machine.s constructed by them 
as far back as 1879 are still running. The modern types of machine 
built by the Company compri.se a double-acting vertical ammonia 
compressor, combined with a vertical steam engine, and two vertical 
compressors combined with a horizontal steam engine. The flii-wlu-el 
is now generally located between the upright columns, but in some 
patterns of machine it is still placed on the exterior, and is provided 
with an outside bearing. The valves of the compressor are mounted 
in cages, and are so arranged as to be riiadily get-at-able. The'stuffing 
box of the compression piston rod is formed deep, and provided with 
oil sleeves. 

Tho ammonia compression machine made by Geo. Challoner, Sons, & 
Co., of Oshkosh, Wis., U.S., belongs to the inclosed class. A pattern 
made by this Company is a ti-iple cylinder single-acting machine, the 
entire box frame of which is ca.st in one piece, and is secured to an 
arched bed-plate. Circular removable flanges at each extremity cany 
extra lojig babbitted crankshaft bearings, and are provided with 
stuffing boxes and glands, made of considerable length to prevent 
leakage of oil or gas round the crankshaft. Tlie interior crankshaft 
bearings are so mounted within the box frame as to bo easily dis¬ 
mounted when desired. The working parts of the machine run in 
an oil bath in the hollow box frame, and lubrication is thus ensured 
without exterior aid. The upper- part of the frame is faced and 
bored to receive the pump cylinders, which latter can be removed 
and replaced, if required, without disturbing the box frame. 

In the larger patterns of machines the pump cylinders are provided 
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with safety heads. Tlio suction valves are located in the pistons, and 
the discharge valves are either in the safety heads or in the false 
heads, and both suction and di,scharge valves are .so arranged that they 
can be removed .without necessitating the cli.sconnection of the pipe 
connections. Tim connection io the .suction is in the l)Ox frame 
beneath the cylinders, so that the, fi'ame is maintained (mol by the 
low temper.atnre gas returning to the pump cylinders. The discharge 
connections are formed to the pump cyliiuh'rs idjove tlu' safety heads, 
and both connections are fitted with stop-valves, and a hy-pa.s8 is 
also provided, ,so as to admit of the puuip,s iK'ing reversed to pump 
the gas from the higli to the low pressure side. A suitable purge 
valve on the discharge conius'tion admits of the ho.x frame being 
pumped out, and likewise the di.scharg(( of any air ginning admisifloi^ 
to the interior on the opeiriirg of the fi'ame. 

A machine made by the Ideal llefiigerating .and Manufacturing Co., 
of Chicago, is fitted with an ai'iang,!ment for the more even distribution 
of the work of the corrrpres.sor prston. To (rfh'ct this the dianreter of 
the ci-ankpin circle is formed much larger than the jriston stroke, and 
connection is made thr-ough a toggle lever ar'r'(i.ngenierit. 11 is claimed 
that a« the connecting I'od to the cr-ankshaft brings the two toggle 
levers corrnect«l to the piston r-od irrto line, tlu* force that is available 
for moving the piston will irrer-ease indr'iH'ndontly of the action of the 
toggle lev(!rs. 

Acdor'dirrg to the makers the effect of the irrterrrrittent motion 
which the earn head on the piston inrpar-ts to the \ alve is to .sorirewhat 
more than double the life of the latter, owing to the length of time 
duritrg which motion is nrrested whilst the crairk is )ia.ssing the dead 
centre, the toggle lieing then in a str'aight line with the pisbrn rod. 
They, moreover, aver that it affords a considerable rwb’antage, inasmuch 
as it giv(*s the valve ample time to get pr’operly .seated, and for all the 
gas to be 'exjielled from the cylinder, and not be suekrrd irr again on 
the return stroke, thus greatly incr'c'asing the efficiency of the machine. 

A vertical single-acting ammonia compressor (Stallman’s) manu¬ 
factured by tire Creamery Package Manufacturing Co., of Chicago, 
111., U.S., consists of a pair of pumps, the lower portion of the cylinders 
being core(i out so as to form a series of ports, which lead from the 
.suction inlet round the piston and communicate with the cylinders at 
such times as the pistons arc at the bottom or limit of their downward 
strokei In this manner, the cylinders having l)een partly filled by the 
gas delivered through the suction valves in the pistons during their 
downwarel stroke, the clTarge will l^e fully completed at the termination 
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of the stroke, and the utiuo.st pressure of evaporation l)e obtained in 
the cylinders owing to the passage of gas througl) the above-mentioned 
ports. 

The discliargo valve scat rests upon a slioulder formed by the 
enlargement of the upper part of the cylinder. This seat is made 
of tool steel, and is forced into position before the last or finishing 
cut is made, and is bored out with the cylinder, forming practically 
a portion of the walls of the latter. The outlet port, to whiph is 
connected the discharge pipe, is situated immediately above the valve 
seat, connected with the eidarged portion of the cylinder, and branching 
off from same at right angles. The discharge valve is of steel, and 
turned up from the solid. It has a disc-shaped bottom of larger 
diameter than the cylinder, and rests upon the above-mentioned seat 
in the annular enlargement in the cylinder; the upper piart of the 
valve is cylindrical, and this trunk-shaped portion slides in the eidarged 
bore of the cylinder to form a guide. 

When making its upward stroke the piston passes through the 
discharge valve seat, and comes into contact with the valve itself. 
The pressure on this valve is regulated by a spring having a screw 
adjustment through tlio cylinder head. Tliis arrangement admits of 
the complete discharge of the gas from the cylinder, and at the same 
time forms a safety head, there being no clearance at all, and no loss 
of efficiency from the re-expansion of gas from such clearance. Another 
advantage claimed for this arrangement is tliat owing to the''size of 
the valves a very slight movement only is required, wliilst they give 
very large areas of openings, and allow of large volumes of gas passing 
rapidly. 

The cylinders are so mounted upon the frames containing the 
oranksliaft bearings and crosshead guides as to cause all the strains 
to fall upon the frariies direct, instead of upon bearings in a separate 
bed-plate. The result of this form of construction is an absolute 
rigidity of alignment, and the frames are firmly secured in position 
by a massive bed-plate of box pattern. The two compressors ean 
be provided with independent suction connections, and can then be 
worked independently in installations so operated that different con- 
• ditions of temperature and varying back pres-sures exist, as, for instance, 
in cases where both ice-making and refrigerating are carried out 
together, or where freezing chambers are run along with ordinary 
cbld stores. 

Pig. 66 is a vertical section through the pump cylinder of a sin^lex 
acting vertical ammonia compressor, designed b^ Mr C. A. MacDonaldj 
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and mado by the Hercules Ice-Making and Refrigerating Machinery 
Co., of Chicago, HI, U.S. 



Fig. 65.—Vertical Type of Steam-driven Hercules Ammonia Compicseoh 
Vertical Central Section througli Cylinder. 


A special feature in t^is pump is that an arrangement is provided 
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for allowing froo communication between the inlet branch and the 
interior of the cylinder when the piston is right down, or at the end of 
its travel in a downward direction. This consists of a' belt or passage 
cast around the lowc^r j)art of the cylinder which is ip connection with 
the inlet branch, hole.s being formed into this belt or passage through 
the walls of the barrel. The positions of these holes are such that 
some will be lower than the ])iston when it is at the extremity of its 
downward stroke, thus affording free access for the gas, entirely 
independently of the valves, before the return .stroke. These holes 
have to be formed by cores when casting the pum)) cylinder, and the 
arrangement cairses the casting to l)e rather a difficult one to make. 
The holes, however, serve to compt'nsate for the reduction in the size 
of' the inlet valvi!, and allow of a full back pressure of gas being 
obtained abo\e tin; piston before compression is commenced. 

Somewhat similar arrangements to tin; above are provided in the 
Antarctic single-acting compressor (designed by Mr Norman Selfe, 
C.E.), made by the Antarctic Refrigerating Machine Co., of Sydney, 
'N.S.W., and San Francisco, and in that of the Auldjo Machine Co., 
Australia. 

The ammonia compression machines constructed by t^e Case 
Refrigerating Machine Co., of Buffalo, N.Y., TT.S., are of ma,ssiv(i 
build, aiid at the same time arc .so designed as U) take up a 
comparatively small amount of floor space. 

A special feature in their construction is that the piston ro<ls of 
both the compressor cylinder and the steam engine cylinder arc con¬ 
nected to the .same cros.shead which works between the cylinders. The 
steam cylinder is situated below and directly in line with the compressor 
pump cylinder, thus admitting of a direct transmission of power in a 
straight line,, and doing away with all the strain.s and friction w’hich 
occur in the case of a crankshaft and connecting rods. A constant 
stream of water is kept flowing through a water jacket surrounding the 
compression cylinder to keep the latter cool during work. 

Another point in this make of compressor is that the .suction .and 
discharge valves work horizontally, an arrangement which admits of 
allowing only a very small pocket for the retention of compressed 
gas, and of reducing the clearance to the lowest possible fraction. 

A double-acting horizontal ammonia compressor manufactured by 
the A. H. Barber Manufacturing Oo., of Chicago, Ill., U.S., is shown 
in Pig. 66. 

The machines of this Company are as a rule built with a box framing 
and a central crank in the case of belt-driven'machines, and a Tahgye 
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pattern frame and side crank when coupled directly to a steam engine. 
The cylinder is sunk into the frame, the cylinder flanges being set in 
the centre of and strongly bolted to the frame, thus equalising the 
pressure, so that the cylinder has no possible chance to move or rock ; 
and a flat locomotive pattern guide is employed which admits of the 
franfe of the machine being formed both deep and rigid, and l•enderiug 
it practically impossible for the cylinder to get out of line. 

The cylinder and val\ es are completely surrounded by water, thereby 
preventing the springs of the latter from becoming overheated and 



Fig. 56.—Double-Acting Dorizoiital Type Harbor Stcam-driveu Ammonia 
Compressor. 


losing their tension, and in this manner increasing their efliciency. 
The valves and their seatings are constructed of tool .steel, and are 
hardened to render their life as long as possible. The valves, more¬ 
over, can be easily removed without having to disturb any other joints. 
The piston is light, fitted with metallic packing rings, and the piston 
rod stufling*box is rendered perfectly gas-tight by a double packing 
with a central oil chamber. The arrangement of the lubricator is 
such that it will oil the cylinder, valves, and piston rod. A strainer 
placed in the suction pipe or conduit near the compressor prevents any 
scale or other matter passing into the latter. 
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Tlie smallest possible amount of clearance in. at each end of the 
piston stroke) is left, and provision is made for the taking up of any 
slackness in the c()nne(;ting rod through wear on the crank shaft or 
guide. 

The valves, which are of a patented foi-ni of construction, cannot 
by any chance drop into the compressor cylinder, there being no nuts 
or keys to wear out and get loose. The compressor shown in Fig. 49 
is one of 12-ton refrigerating capacity, and is connecbwl directly with 



Pig. 57.—Double-Acting Horizontal Type barber Klectrically-driveii Ammonia 
Compressor. 

the driving sliaft of a horizonbil Corliss engine, with a heavy tly-wheel 
located between to answer for both. The floor space occupied by* this 
machine (engine and compressor) is 8 ft. by 9 ft. 

It is claimed by the makers that, owing to the extremely small 
amount of clearance in the pump cylinder, and the arrangement of the 
valves, it is possible for each stroke of the piston to compress the full 
area of gas contained in the cylinder. 

In Fig. 57 is illustrated an 8-ton compressor supplied by the above 
company to do refrigerating work in the dairy building at the Tyanis- 
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Mississippi Exposition, at Omaha, Neb., U.S. This machine is con¬ 
nected by a siiaft to an electric motor through a raw-hide pinion and 
cut gear, the motor and compressor Ixiing both mounted upon the 
same base or bod-plate. As this arrangement does away with all belts, 
hangers, or shafthig, it occupies but littk^ space, ami it is always ready 
for work. The makers state that they can from exjawience thoroughly 
recommend the adoption of this pattern machine when electric power 
is to be used, having installed a number of dilhu'ent sized. compressors 



Fig. 5S.—Small Singlc-Actmg Horizontal Typo Harbor Sleam-tlrivoii 
Ammonia Compresaor. 

with the electric motor connected up in this manner, which have been 
found in practical working to give great satisfaction, and to require 
but little attention. 

Fig. 58* shows a very small single-acting ammonia compressor 
known as the “baby compressor,” made by the same company. As 
will be seen from the illustration, this compressor is of the inclosed 
type, the piston and crankshaft running in an oil bath, and therefore 
working noiselessly and .requiring little or no attention. The com- 
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pressor is coupled direct to ii vertical engine, the power required to 
drive being under 3 H.P. The refi’igernting capacity of this little 
machine i.s burs, and it i.s adapted for use in creameries, meat 
markets, butchers’ (wld .store.s, hobda, tfre., in fact in any place where 
only a .small jdant is needed. 

Ammonia compre.s.sion machines of .several different patterns ai'e 
built by the Vulcan Iron Works, San Fi'ancisco, California, U.S. 
Their horizonUl, dtmble-acting type of compressor has a strong gii’der 
frame. The coiiqu’cssor ],iump cylinder (Fig. bD) is furnished with a 
pi8b)n of extra length fitbsl with s[)ccial packing rings that will take 
up any wear that may de\'elop. A are the suction inlets, and i) ai’e 



Fig. 59.- - Double-.-feting Hon/.ontal Typo VTilcaii Aninionia (Joniprossor. 
Central Section tlirough Cyliluler. 


the discharge outlets. , The suction and di.scharge valves are of steel, 
simple in construction, of large area, easily removable for cleaning or 
inspection, and they are so made and arranged, Vieing provided with 
a proper yiafety device (which will lie seen from the sectional view. 
Fig. 59), that in case of accident, they cannot fall into the cylinder 
and wreck the machine. As will be .seen from the illustration, more¬ 
over, the stuffing box of the piston rod Is provided with an oil cellar 
or chamber c through which cold oil is constantly circulated by means 
of a pump attached to the top of the frame, this oil bath serving, as 
in other machines, the double purpose, of acting as a seat to prevent 
the leakage of any ammonia, and of lubricating the piston rod. The 
cylinder of the ammonia compressor is w»ter-jacketed, and neatly 
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agged, a circulation of water being kept up through the jacket to 
•emove the heat gtiieiated by the compression of the ammonia gas. 

The compressor is provided with a dirt trap for catching and 
ntercepting any foreign matter that may be Iwought back from the 
expansion piping,' and preventing it from passing into the cylinder. 



Fig. 60.—Small Single-Acting 'Vertical Inclosed Type 'Vulcan Ammonia 
Compressor. Elevation partly in Vertical Section, 

Suitable cross connections are also provided for enabling the condenser 
to be pumped out for examination, repairs, Ac. The crosshead and 
connecting rod, as well as the crankpin and the main bearing, are 
formed of extra strength and with large wearing surfaces, every 
provision being made for meeting any excess of regular duty. 

The construction of the compressor will be readily understood froih 

8 
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the above description, and from an inspection of the sectional view, 
Fig. 69. They are built in sizes from 10 tons refrigerating capacity 
and upwards, and can be worked either on the dry or •wet gas system. 
The compressors are constructed for belt driving, or are connected 
direct to a Corliss or Moyer cut-off steam engine. 



Fig. 61.—Small Single-Acting Vertical Inclosed Type Vulcan Ammonia 
Compressor. Transverse Section. 

A small vertical single-acting compressor of the inclosed type, 
also made by tbe above Arm, is shown in the sectional views, Figs* 60 
and 61. The construction of the machine is as follows:— A is the 
piston yoke, n is the piston yoke guide, c are the yoke blocks, n is 
the crank box. b is the crank sleeve, p is the guide bushing. « 
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is the crank.shaft bushing. H is the crank.shaft stuffing 1k)x gland. I is 
the oil valve. J is the suction valve. K is th<‘ (li.seharge valve. L is 
the discharge valve guide. M is the cylinder head. N is the discharge 
valve cap and tension spring, o is the suction valve seat, p is the 
pipe gland. Q are the gauge valves, a is the packing or dividing 
ring. 8 is the relief valve. T is the hollow box frame or casing cover. 
U is a dirt trap for intercepting any foreign matter and preventing 
access thereof to the pump cylinder, v is the body or frame of the 
compressor, w is the Wl or ba.se plate. .\ i.s the guide cover, v is 
the crankshaft. And z is the crank box wearing strip. 

The cylinder opens, it will be seen, into the crank chamber, the 
sides of which con.stitute the supporting frame, thereby bringing the 
cylinder and shaft close together. The crank is forged on end ot a 
heavy steel shaft which pa.sses through a stuffing or packing box ana 
gland in the side of the crank chamber, and the orankpin is of special 
construction, having a hardened steel .sleeve lu'ld in place by a collar. 
The motion is transmitted to the pisbm through a stnmg yoke having 
a guide on its lower side. A movable cover or bonnet plate T admits 
of aoce s being had to the crank chamber. The latter chamber is 
filled with oil to a level just alxive the packing box of crankshaft, 
the hefght of the oil in the chamber being indicated at any time by 
the gaugi! gla.ss shown in Fig. 60, and this oil bath lioth acts as a 
lubricant to the moving p,irts of the machine in the crank chamber, 
and alsg as a .seal for the packing box of the crankshaft. 

The ammonia gas enters the crank chamber below the piston, the suc¬ 
tion valve is provided with a safety cage and is situated in the centre of 
the piston, and the discharge valve is placed in the cylinder head, and both 
these valves are made of forged steel A water jacket having a proper 
outlet surrounds the pump cylinder, and suitable facilities for cleaning 
are provided. The wearing parts being supplied with removable bushings 
tends to prolong the life of the machine at a small future expense. 

This inclosed type of vertical single-acting compressor is made in 
sizes varying from J ton up to tons refrigerating capacity per 
twenty-four hours. Another pattern of this machine has two of these 
compressors mounted upon one base or bed-plate, and connected by 
a solid steel shaft with a crank on each end, and a single fly-wheel 
located cenfrally between the cylinders. The working parts of this 
compressor are identical with the above, and this type is made of 
from 6 to 10 tons refrigerating capacity per twenty-four hours. The 
small ^ton machine requires only from J to H.P. for driving 
purposes, and the fl(»r Sfiace occupied is only 18 in. x .30 in. 
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A compressor of the inclosed type with two cylinders in line 
horizontally is likewise made by Mr B. Lebrun, of Nimy, Belgium, 
in which any escape of ammonia past the pistons is" received in a 
bell-shaped receptacle above the crank chamber, and after passing 
through a strainer is drawn in by the pumps on their suction strokes. 

The St Clair compressor is one of the compound type, consisting 
of a combination of two or more single-acting compressors in such a 
manner that the gas is partly compressed at a lower pressure in one 
compressor, and then passed to* another wherein the higher compres¬ 
sion is applied. This machine has been greatly improved by Mr Thomas 
Shipley, and is manufactured by the York Manufacturing Co., of 
York, Pa., U.S. 

A number of other types of ammonia compression machines will 
be found described in the chapter devoted especially to marine 
refrigeration. 



CHAFPER X 

THE ('OLI)-AIi; SYSTEM 

Principles of—Early Maeliines—Modern Patterns of Machines—The Allen ])<*n8e- 
Air Ico Machine--Maximum Theoretical Etficiej^cy of Cold-Air Machines 
—Comparative Tests of Cold-Air Machines. 

M\chinks on till! oold-air system, that is to say, wliich alistraet heat 
by first compressing air or other gas, cooling same, and afterwards 
permitting it to expand, or by first applying heat in order ultimately 
to produce ' old, ojierate on a principle which is one of the simplest in 
physi'-s, viz., that the compression of air or other gas generates heat, 
and the subsequent expansion thereof cold. 

Mechanical work and heat being respectively convertible, it follows 
that should a gas be caused to perform certain work on a piston during 
expansion, its store of caloric will be exhausted thereby to a degree 
equal to the thermal equivalent of the work done, the gas after expan¬ 
sion being at a lower temperature than it was before expansion, that 
is, provided always no heat is supplied from any other source to restore 
that so lost. 

Machines of this kind or cla.ss, although they have been used from 
time to time for cooling hydrocarbons of a volatile nature, are more 
geneially employed with ordinary atmospheric air only, hence they are 
commonly known a- cold-air machines. 

Then, have been several notable improvements made in cold-air 
machines during the last few years, practically removing most of the 
old defects, and, in the author’s opinion, putting them quite to the 
forefront fof the refrigeration of food-stuffs, and the smaller sized 
plant.s giving results which have hitherto been thought impossible, 
thus enabling them to compare favourably for power, efficiency, and 
upkeep with machines using chemical agents. Cole’s Patent “ Arctic " 
Cold-Air Machine, which will be fo.und illustrated and described in 
this chapter, is of the most recent type, and embodies some important 
improvements; the chief amongst these being that all moisture is auto¬ 
matically extracted from the compressed air before expansion, thus 

9XX 
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obviating the difficulties that were experienced in earlier machines 
of this class in the valves becoming clogged with frozen moisture. 
Figures are given on page 244 showing the results of tests taken by 
the author from the “Arctic” machines as against those of earlier 
types; but in addition to the better results obtained in power and 
efficiency, the freedom from snow and moisture is the great considera¬ 
tion in the preservation of comestibles. 

The advantages of cold-air machines are:—First, that no chemicals 
of any description are required, consequently their employment is not 
attended by constant dangers from po.ssible explosions and tires, or 
lo.ss of life through the accidental escape of deadly gases. Very low 
temperatures can be rapidly obtained by their use. Their con-struction 
is comparatively simple, and their application is easy. The entire 
machine is situated externally to the chamber or store being refriger¬ 
ated, and every part thereof is consequently accessible at ail times. 

A matter of the greatest importance with cold-air machines was to 
ascertain to what degree any water that might be present, either in 
the form of steam or mist, or of actual liquid, might affect the heating 
or ctxrling of air, and alter the working of the machine, besides the 
formation of snow and ice, which unavoidably resulted therefrom, and 
which was a most objectionable feature in early machines. 

On this head Mr Lightfoot ob-serves; * “The important fact to be 
noted in this investigation is, that air at constant pressure, having free 
access to water, will hold a different quantity of water in solution or 
steam at each different temperature; or conversely the temperature of 
the ‘ dew point ’ for any body of air varies with each quantity of water 
held in solution by it. The hotter the air, the more water can be held 
without depositing. (See table on page 573.) 

“ Thus, if air is highly heated by compression, and water is then 
admitted to it, in the form of spray or injection, it will take up much 
more water before becoming saturated than it could have held before 
it was thus heated. Again, if air under compression and saturated^ 
with vapour is allowed to expand, a large quantity of such vapour will 
condense and freeze into snow, thereby giving up a large quantity of 
heat to the air, which air is, in consequence, cooled less than it would 
have been had it been dry air to start with. This freezing is also a 
serious practical evil, from the. deposition of ice about the valves and 
in the air passages, which necessitates frequent stoppages even in small 
machines. . . . 

“Various means have been devised for ridding the air'more or 
* Proceedingfi Inelitutiott of Mechanical J^gineerg, 1881. 
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less completely of its containerl moisture by employing some chemical 
material, such as chloride of calcium or sulphuric acid, which is a 
powerful absorbent of water. But, in the author’s opinion, the use of 
such chemicals as are known to him is inadmissible, except perhaps 
for small machine.s, or for tho.se working under special conditions, 
because of the trouble which would bo experienced in changing the 
material and evaporating off the water absorbed, so as to render it 
again fit for use.” 

In a suksequent paper * the following pai’ticulars are given by the 
same authority as the result of his very extensive experience in the 
working of machines of this class :—“ The amount of aqueous vapour 
present in the atmosphere varies from that required to produce satura¬ 
tion <lown to about one-fifth of that quantity. At any given tempera¬ 
ture a volume of saturated air can contain only one definite amount 
of vapour in solution; and if from any cause additional moisture be 
pi’esent, it cannot exist as vapour, but appears as water in the form 
of fog or mist. The temperature of saturation, or dew point, varies 
accoi ling to the quantity of vapour in solution; the smaller the 
quantity, the lower being the dew point. The capacity of air for 
holding moisture is also affected by pressure!, a diminution in volume 
under constant temperature reducing this capacity in direct proportion. 

“ In the former papei' reference was made to various means that 
had been devised for ridding the air more or less completely of its 
contained moisture, in order to obviate as much as possible the 
practical evils resulting from its condensation and freezing; this 
Ireing at the time considered one of the most important points in the 
construction of cold air machinery. Since then, however, experience 
has demonstrated that these evils were much exaggerated, and that 
the condensation of the vapour and deposition of the moisture in the 
ordinary cooling process after compression, which is common to every 
cold-air machine, are amply sufficient to prevent any serious deposition 
of ice about the valves and in the air passages : provided, firstly, that 
these .valves and passages are well proportioned; and, secondly, that 
proper meads are adopted for obtaining in the coolers a deposition 
of the condensed vapour, which would otherwise pass with the air 
into the expiu:.-.ion cylinder in the form of fog, and become converted 
into ice. 

“ Reference to the table (page 573) shows that, if the compressed 
air be thoroughly deprived of its mechanically suspended moisture, 
the amount of vapour entering the expansion cylinder is extremely 
• Proceeditigs, IruAitute of Mechanical Engiuecre, pp. 225, 226 j 1886. 
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small. An()ther iDatter from which the mystery has now been dis¬ 
pelled is the meaning of the term ‘dry’ air, so much used by the 
makers of cold-air machinery; thi.s being a point that was just touched 
upon towards the do,so of the, discussion upon the previous paper. 
No doubt it is .still to a great extent popularly supposed that, unless 
the air bo subjected in the nvachine to some special drying process, it 
will be delivered from the expansion cylinder in a moist or damp state, 
and in consequence be unfitted for use in the preservation of perishable 
food and for other purposes. But no such state could really exist; 
for whether the air bn specially ‘dried’ or not, its humidity when 
delivered from the expansion cylinder is precisely the .same, so long 
as its temperature and pressure remain the same, inasmuch as in 
practice it is always in a saturated condition for that pnissure and 
temperature. The difference lies in the amount of ice formed, which 
of course is greater if the amount of moisture entering the expansion 
cylinder is greater; but this quantity, it has been already stated, may, 
in the author’s opinion, be brought down within perfectly convenient 
limits by a proper construction of the cooling vessels. In his latest 
machines, therefore, all special drying apparatus has been dispen.sed 
with, the air being simply compressed, passed thro\igh a surffwo cooler, 
and expanded back to atmospheric pressure.” 

The invention of the cold-air machine is ascribed to Gorrio, who 
is said to have designed the first machine of this cla.ss in 1849. In 
Qorrie’s machine the cooling water is injected into the compression 
cylinder, and brine to be refrigerated or cooled into a jacket surround¬ 
ing an expansion cylinder. His apparatus consists essentially of a 
double-action pump or compressor, a cooler connected with a com¬ 
pressed air vessel or reservoir, and a jacketed auxiliaiy pump. The 
operation of the (iiachine is as follows:—Water is injected into the 
compressor cylinder at each stroke, on the side of the piston on which 
condensation or compression is taking place. The compressed air is 
then Jed through a worm or coil in the cooler to the compressed air 
Vessel or reservoir, from whence it is admitted to the auxiliary'pump, 
which latter is driven by the expansion thereof. Through the jacket sur¬ 
rounding this auxiliary pump a circulation of brine or other non-con- 
gealable fluid is maintained, which brine is cooled by the expansion of 
the air in the pump cylinder, and which in turn reduces the temperature 
ef an ice-making tank situated above the latter to the requisite degree. 

Imperfect cooling of the air after compression, combined with the 
damp condition of the air, caused the, failure of this machine, to act 
in a satisfactory manner. 
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The noxi ;u]v.auce wa.s luado by Dr Alexander KirJc in Zd63. Dr 
Kirk^s machine has three cylinders, viz., one for compressing tlie air 
and two for the expansion thereof, all tlireo of which liave reciprocat¬ 
ing motion imparted to their pistons by a single crank. One of the 
expansion cylinders is connected to each end of the compres.sor, thus 
actually fonning two distinct systems. The pistons of the expansion 
cylinders are hollow and are perforated by a number of small holes, 
and fitted internally with filters consisting of .several layers of very 
fine wire gauze, the reciprocating action of the pistons alternately 
causing air to pass tlirough these perforations and filters, and drawing 
back the air. 

The operation of the machine is a.s tollow.s:—The air is compressed 
Ix'tween the piston of the compres.sor, during its .stroke in one direction, 
and one of the expansion cylinc'.w pistons, the heat of compression 
being carried off by a suitable water jacket provided round the expansion 
cylinder. On the de,scent of the expansion piston the air passes through 
the perforations, parting with some more of its heat whilst traversing 
the .beets or layers of wire gauze, and finally expanding in the upper 
portion of the cylinder an.l perfuiming work upon the descending piston. 
The cold %,ir is caused to abstract heat from brine which circulates 
round the top cover of the expansion cylinder, and through a number 
of hollow corrugations. The operation of the second oi other expansion 
cylinder which is connected to the opposite end of the compre.ssion 
cylinder is, of course, identical. This machine can be worked up to a 
pressure of 900 lbs. per square inch, and a temperature of - 39° Fabr. 
has been obtained. 

Tn 1869 a cold-air machine adapted to compress air in stages was 
invented by Merchant. In his apparatus the air passes first into one 
cylinder, wherein it is compressed, and is then exhausted into another 
cylinder of smaller dimensions in which it is still further compressed. 

Gifiard’s first (1873) machine is so arranged that the air mingles in 
the compression cylinder with sprayed water, which becomes vaporised 
by the heat pf compression, and renders the heat latent. The discharge 
valve from the expansion cylinder is heated in the piston, and is so ad¬ 
justed that it wi'l open automatically upon the pressure in the cylinder 
falling below a predetermined point, the air then passing through to 
the other side of the piston, and afterwards to the refrigerator. 

In the same year (1873) Postle designed a machine which was 
practically a modification of Kirk’s cold-air machine. As in the latter 
the compression cylinder is connected at each end to an expansion, 
cylinder, but the pistons of the expansion cylinders, which are each 
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composed of jiii upper part of smaller diametor and a lower part of 
larger diamotei', are so arranged that when the compressor piston 
starts upon its stroke in either direction the valve connected with 
that end of the compressor is forced upon its inner seat, and the air 
pressure moves that particular expansion piston to the inner end of 
its cylinder, the valve being opened outwardly, however, before the 
end of its stroke by its projecting spindle striking against the inner 
cylinder end, and the latter part of the compression taking place in 
a small space cooled by a water jacket, and wherein the heat of 
compression is carried oft'. Upon the reverse .stroke t)f the piston 
the valve is raised against its outer seat by the current of air passing 
through the circumscribed passage around it, and a partial vacuum 
having been formed above the small portion of the expansion piston, 
the latter is moved outwardly by the unbalanced pressure in the 
expansion cylinder, the cooled compressed air passing through the 
piston to the inner portion of the cylinder. 

Similarly, however, to the action on the inward, the valve is opened 
before the end of the outward stroke of the piston by the other 
extremity of its spindle coming in contact with the top of the (ylinder, 
but this time outwardly, and the air in the inner portion is thus 
expanded, and at the same time performs work on the compressor 
piston. The air reduced in temperature during expansion cools brine 
circulating through a jacket which also forms the inner cylinder head 
of lx)th expansion cylinders, the latter being place<l end to end. 

The great improvement in this machine is that the bulk of the 
compression is performed during the period wherein the compressor is 
in connection with the water-cooled spaces, and moat of the expansion 
whilst th6 compressor is exhausting from the spaces in contact with 
the brine circulation. 

A very decided advance was next made by Windhauaen, for whoso 
improved cold-air machine a German patent was granted about this 
time. The characteristic feature of his apparatus is the itpproved 
method by which the air that had become heated by compression 
is first cooled in a series of condensers or coolers "by means of a 
circulation of cold water, and is then passed into a chamber where 
expansion or dilation takes place behind a piston. That is to say, 
.in point of fact expansion is effected by the simultaneous action of 
the machine before the air is utilised for refrigerating purposes. 

The original Windhausen cold-air apparatus is shown in plan and 
side elevation, Figs. 123 and 124, by which the principle' of the 
machine is sufficiently clearly illustrated to render an extended descrip- 



THE COLD-AIR SYSTEM. 


217 


tion therei)f unnecessary. On the ilrawiiii't indicahw the eninpression 
cylinder, n the expansion cylinder, 0 the steam engine or other motor 
for operating the machine, and n, d', d-, the condensers or c(H)lcr.s 
through which a constant current of cold water is maintained for 



cooling purpose.s. The cylinders A and n are arranged tandem fashion, 
and are worked simultaneously from the engine crankshaft K, through 
the crank b', and connecting rod F. 

The air enters the compres.sion cylinder A through the inlet a', as 
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indicated by the arrows, and after compression the current passes 
through the pipe to the first condenser or cooler d, from which it is 



conducted successively to the coolers nb and from the latter to the 
expansion cylinder b, as shown by the arrows. 

■ Within the coolers or condensers D, d', are arranged a aeries 
of pipes thwBigh which the blast passes, and around which a oonstMJt 
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circulation of cold water i.s kept up, the latter entering the cooler 
at a suitable inlet, and (lowing through the coolers in the opposite 
direction to the compressed air. A portion of the heat that has l)een 
imparted by compimsion is thu.s extracted, and the compressed air, 
which is at a temperature only a few degrees above that of its natural 
state, is led into the expansion cylinder n, wherein the expansion is 
effected under a gradually decreasing pressure, which latter is auto¬ 
matically regulatf^d by valves operated by the simple expansive force 
of the compriwsed air itself. 

Were the air to bo dilated to its normal volume it is clear that an 
amount of heat equal to that which has been abstracted or taken up 
by the cold water in the coolers would be required; as this, however, 
can bo only partially returned by the small volume of air within the 
expansion cylinder, a low degree of temperature is immediately obtained, 
which is more and more reduced with each stroke of the compressor, as 
the original air in the exp.ansion cylindiw is replaced by the cooled 
compressed air. 

From the compression cylinder n the air is conducted to the space 
to be cooled, escaping with a velocity sufScient to admit of the current 
being coy('ucted for .'lOO ft. through a channel 2 ft. in diameter, the 
temperature at the orifice of the latter being from - 30” to - 35° 
Fahr., or from 02° to 67° of frost. It has not Ixscn found advisable, 
however, in practice, to employ a conduit of this excessive length. 

In the apparatus shown the dimensions of the compression cylinder 
are such that at each stroke of the piston 35 cub. ft. of air, and at 
every complete revolution of the engine 70 cub. ft. of air, are com¬ 
pressed, being reduced to the extent of from two and a lialf volumes to 
one volume, or to a pressure of 35 lbs. per square inch; thus, at a 
speed of thirty-.six revolutions per minute, over 150,000 cub. ft. of 
air will be compr('.S8ed per hour. 

Prom actual experiments it was found that with the air entering 
the compression cylinder at a temperature of 80° Fahr., it rose after 
compression to 205°, thus giving a gain of 125°, inasmuch as this 
acquired fleat is subsequently got rid of in the condensers or coolers 
and expansion cylinder; and an atmosphere is thus obtained which, 
whilst tindei a tension of two and a half atmospheres, is almost at the 
same temperature as the air previous to treatment, the expansive force, 
and effect, of a volume two and a half times larger being at the same 
time retained. 

Fig. 125 is a vertical central section illustrating a modified arrange¬ 
ment of Windhausen’s cold-air machine, wherein a single cylinder is 
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used for coiiiiircKsioii iiiid expansion, the air being condensed or com¬ 
pressed at one side of the piston, and expanded on the other. Two 
coolers are provided, situated in the bed of the machine, one of which 
is cooled by a circulation of cold water, and the other by the expansion 
of the compressed air. The refrigerator is situated above the compress¬ 
ing and expansion cylinder, and receives the expanding air from the 
expansion side of the cylinder through a temperature regulator. 

In the drawing A is the compression side of the cylinder, and n is 
the expansion side tliereof; c is tlu^ piston, which is formed hollow and 
Idled with non-conducting material o'; « is tlie cooler, through which 
a circulation of cold water is kept constantly bowing, and which is 
connected to the compression side A of the cylinder through the pipe 
or tube n' and valve n'^, and n is the second cooler, which is connected 


Fig. —M(xlifiod Form of Windhaiiscn Cold-Air Machine. 

Vertical Central Section. 



to the first cooler d, and to which a certain amount of the expanding 
compressed air from ,the expansion side of the pump is admitted for 
cooling purposes. The tubes in both the coolers n and e, through 
which the compressed air pa.sses from the compression side a of the 
cylinder,, communicate through the pipe or tube k' and valve with 
the expansion side b thereof. 

F is the ice-making tank or refrigerator, and o, g are the ice cans or 
cases. The ice making tank p consists of a double-cased rectangular 
wooden box or vessel, the spaces between the outer and inner cases of 
which are filled or packed with loose cotton, or other suitable non¬ 
conductor of heat. The cover, whidh is formed of a single thickness 
of wood, is pierced with holes in which are fixed metallic cases or 
pockets for receiving the ice cans o. p', p' are zigzag partitipns 
arranged between the rows of ice cans, so as to cause the air to come 
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fully into contact with the metallic cases or pockets supporting them. 
H is an india-ruhlK',r bag, which acts to maintain a uniform pressure 
within the ice-making tank or refrigerator v, by admitting or giving 
out air in accordance as to whether the pressui-c happens to be above 
or below that of tlie atmosphere, i is a valve which is open during 
the entire compressing stroki^ of the piston c, and which communicates 
through a suitable pij)e or tube with tlie temperature regulator, from 
which a portion of the expanding air passes to the ice-making tank 
or refrigei’atiu' through a tube communicating therewith through the 
aperture F-, tlie remainder being delivered through another pipe or 
tube to the space round the compresscil air tubes in the cooler K, 
through the aperture or orifuxi with wliich latter space the ice¬ 
making tank or refrigerator is likewise connected through a suitable 
pipe or tube, and the apertures k‘‘. 

The temperature regulator anu pipes or connections are situated at 
the I'ear of the apparatus, ami are not shown in the drawing. The 
compression side A of the cylinder is also connected with, and derives 
its mpply of air from, the expanded air space in the cooler E through 
a suitable pipe opening into the latter at n'’, and communicating with 
the foi'nier through the valve K. 

The operation of the apparatus is as follow.s, that is to say: The 
piston 0 , during its forward or compression stroke, compresses the 
air contained in the compression side A of the pump cylinder, and under 
the pressure of thi.s air the valve opens, and the latter passes 
through the pipe or tube o' to the water-cooled tubes of the first cooler 
I), from wi.ich it then pa.S8ea to the air-cooled tubes of the second 
cooler E. The cool compressed an- next flows into the pipe or tube e', 
and is admitted through the valve E-* to the expansion side B of the 
pump cylinder during a portion of the stroke, when the valve k''^ is closed, 
and th air expands in the chamber B during the remainder of the stroke. 
The cooled and expanded air flows out of the expansion chamber B 
through the valve i, during the entire return or back-stroke of the 
piston c, to the temperature regulator, from whence a portion of it 
passes to the ice-making tank or refrigerator F, and the remainder to 
the space round the compressed air tubes in the second cooler E. On 
the return o ijack-stroke of the piston c, the air in the space round the 
tubes in the second cooler e is drawn or sucked into the compression 
chamber a through the inlet valve K. 

The improvements introduced into cold-air machines in 1877 by 
Bell-Coleman added very considerably to their practical value. This 
invention comprises suitable means for cooling the air, both in and as 
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it leaves the compressor, by spray or jets of water, and also for drying 
it again before it is passed into the expansion cylinder. The latter 
object is effected by causing it to flow through a set of coils, or pipes, 
situated in the chamber cooled by the machine; or by providing for 
exposing these pipes to a current of the used or spent air passing out 
from the cliamber. 

On leaving the compressor the moist air is first passed through 
a chamber with perforated diaphragms, and is then conducted to the 
expansion cylinder through coils or pipes which have a very extended 
surface, and are cooled on the exterior to a lower temperature than 
that of the cooling water, thus still further reducing the temperature 
of the air, and inducing a deposition of moisture. 

A great objection to this system of cooling by internal injection 
is the loss occasioned by the saturated condition in which the air, 
even when employed continuously over and over again, is constantly 
delivered to the machine. 

In 1877 Giffard also greatly improved his (187.3) machine, and 
brought it to the form shown in Fig. 126. In the drawing (which 
illustrates the apparatus in side elevation, some of the parts being 
shown in vertical central section) A indicates the compressionrcylinder 
and B the expansion cylinder, which are both of the single-acting type, 
and open at their upper ends; c is the condenser or cooler. The inlet 
and outlet valves to the expansion cylinder B, as also the inlet valve 
to the compression cylinder, which, an shown in the drawing, are 
situated in the lower ends to these cylinders, are actuated through 
cams upon the shaft of the machine. The outlet valve from the com¬ 
pression cylinder A governs the delivery of the comprea.sed air to the 
lower end of the condenser or cooler c, wherein, after passing through 
top and bottom chajnbers or spaces and a central series or set of 
vertical water-cooled tubes, it is delivered through a suitable pipe to 
the inlet valve of the expansion cylinder, from which latter, after 
doing work upon the expansion piston, during its upward stroke, it is 
discharged during its return or downward stroke through the outlet 
. valve (shown on the right-hand side) and led away through a suitable 
pipe to perform its cooling office where desired. The compression 
cylinder a is jacketed, and the heat generated during compression 
removed as far as po.ssible by a circulation of cold water. 

In operation the air which enters the compression cylinder a 
through the inlet valve (shown on the right-hand side) is first comr, 
pressed up to the normal pressure existing in the condenser or coOlej- 
v, when the outlet valve lifts and admits of its being passed into the 
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latter, wherein it is cooled and dried by contact with the water-cooled 
tubes. The valve regulating the admission of compressed air to the 
expansion cylinder b is so arranged that it will admit to the latter an 



amount of air equal to that which is being forced into the condenser 
or cooler c during the downward or compression stroke of the com¬ 
pressor piston, thus tending to maintain an equality of pressure in the 
condenser. The pistons are thus constantly moving in opposite direo 
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iions, that of the expamion cylinder being, however, a quarter stroke 
n advance of that of the compressor. During the upward stroke of 
;he expansion piston, the inlet valve from the condenser or cooler c 
shown on the left-hand side) remains closed, the expanding air per- 
'orming a portion of the work of driving the machine; whilst on the 
lown stroke the outlet or exhaust valve (shown on the right-hand side) 
)pena, so as to admit of the cooled air passing through the discharge 
)ipe, by which it is led away, as above mentioned, to perform its cooi¬ 
ng or refrigerating office where required. 

A form of cold-air machine was designed by Hargreaves and 1 nglis 
n 1878, wherein they dispensed with the use of separate compression 
ind expansion cylinders, employing instead a single cylinder having 
wo pistons connected by mean.s of a trunk. The inlet and outlet 
'alves, which are of the Corliss pattern, arc arrange<l to he operated 
brough suitable eccentrics on the main shaft of the machine. 

In Tuttle and Lugo’s machine the air is forced after compression 
hepugh a set or series of tubes in a cylindrical or tubular chamber or 
'essel, which is cooled by a con.stant circulation of cold water, and 
hrough a similar set of tubes in a chamber or vessel, wherein the 
utter are surrounded by a volatile liquid. After leaving this second 
essel the air is allowed to expand into the refrigerator or ice-making 
ank, rising through some such volatile liquid as ether or bisulphide of 
arbon, which is placed in the bottom of the latter, and the air and 
he vapour from the volatile liquid fill the interior of the refrigerating 
hamber surrounding the ice cans or ca.ses, and freeze or congeal the 
vater therein. A by-pass is also provided through which the oom- 
>ressed air can be conducted direct to the ice-making tank or refrigerator. 

Lugo and M'Pherson’s apparatus comprises a blower, the air from 
zhich is forced through a cooler consisting of a chamber filled with 
ome suitable porous material kept saturated with water. The cooled 
.ir is then passed into a compressor, the upper part of which is kept 
ull of water, which serves to keep it cool and also to prevent leakage 
if the air past the piston. From the compressor the air is led to h 
ooler, and from this to a compressed air reservoir or vessel, from 
zhich latter it is in turn admitted to, and allowed to expand in, the 
nterior of a large ice-making tank or chamber, having non-conducting 
zalls and rails for cars carrying the ice cans or cases. The piston of 
he compressor is worked by La Hire’s" epicyoloidal device. 

Hick Hargreaves’ machine is of the double-acting horizontal type, 
zater being injected into the compressor at each stroke for cooling 
lurposes, After compression it is passed through a series of receivers 
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wherein the watery particles carried over are deposited, after which 
it flows into the expansion cylinder, in which it is expanded down 
to the pressure of the atmosphere. Corliss cut-oflf gear is fitted to 
the inlet valves of the expansion cylinder. A large snow-box is provided 
in the air-trunk, fitted with bafilo or check plates for arresting the 
snow, which, as the air enters the expansion cylinder fully saturated 
with moisture for its temperature and pressure, becomes rapidly filled 
with snow, and requires to be frequently cleared out. 

Stevenson’s cold-air machine is also of the horizontal pattern, 
the compre.ssion, expansion, and steam cylinders having their pistons 
coupled to a single crankshaft. The compression and expansion 
cylinders are single-acting, and are arranged to_ face each other, 
their pistons being coupled by means of T-headed rod.s, which form 
vertical guide bars, between which is arranged to slide a motion 
block driven by the crankshaft, and thus to impart the requisite 
reciprocating motion. The stt-ain engine is either single-acting and 
of the trunk type, or of the simple high-pressure, condensing, 01 
compound typo. 

Stu'geon’s horizontal pattern machine is so constructed that thf 
compressed air is delivered into a cooler formed of sets of tubes 
surrounded by a circulation of cooling water, whereby its temperature 
is partially reduced, and it is afterwards caused to pass through 
some absorbent material, such as charcoal, before admission into the 
expansion cylinder. 

Tn 1H80 Haslam (Sir Alfred Seale Haslam) brought out a cold-aii 
machine of the type usually known as dry air refrigerators, which 
comprises cortahi very important improvements on the Bell-Colemai 
type of machine, and which had the effect of rendering it one of, i; 
not the most successful machines of this class hitherto designed. 

Pigs. 127, 128, and 129 are perspective views iilustrating three 
different cohl-air machines of the Haslam type. 

That shown in Fig. 127 is of the horizontal pattern, and is madi 
in sizes adapted to deliver from 20,000 to 30,000 ft. of air per hour 
Compound duplicated horizontal machines of heavier build are, how 
ever, also constructed, in sizes adapted to deliver from 36,000 te 
300,000 ft. of air per hour. The apparatus is driven by a compount 
condensing engirif, and this, together with the air compressing ant 
expansion cylinders, and the requisite water-pumps, are all mountec 
upon a cast-iron bed frame, of "box section, cored out to receive th< 
air-cooler, engine, surface condenser, and air-pump. This combinatioi 
of the condenser casing with the refrigerator forms a foundation 
»5 




Fig. 127.—Haslam Cold-Air Machine. 
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the bed plate of the steam engine. The feed-pumps are bolted on to 
the side of the be<l, and are driven from an overhead rocking shaft, 
which likewise works the air-pump. Variable cut-off gear is fitted 
to both the steam cylinder and the air-expansion cylinder, and the 
pistons of both tlie compressoi- and expan.sion cylinders are directly 
coupled to tail rods from the steam cylinder pistons. By locating the 
inlet and outlet vahes in the cylinder covers they are rendered very 
easy to get at for i'ep.airs and other purjioses. Tlie height of this 
machine is such as to admit of its being conveniently platsid “between 
docks ” of steamers. 

'I'ho patent diagonal pattern machine (Pig. 128) is made of smaller 
si/.e.s, viz., to deliver from 10,000 to 12,000 cub. f(. of air per hour, 
and whert! a machine of still smaller capacity is I'oquired, one of the 
vertical pattern, such as that shown in Fig. 12SI, is preferably used, 
the latter machines Ireing constructed of siz(‘s to deliver from 2,000 to 
(1,000 cub. ft. per hour. In the diagonal pattern machine the com¬ 
pound high and low- pressure steam cylijiders, and the air-compressor 
cylinder, are [ilaced on the top of tho bed, the air-expansion cylinder 
is located at the end, and the water, air, and feed pumps ar(! bolted 
to the side thereof. 

'lire 1 ctl is. .as will be seen from the illustralion, of massive box 
section, and is suitably cored out to receive the watei'-cooler tubes, the 
condenser tubes, and the patent drying ]upe.s, and it likewise supports 
the main crankshaft bearings. The condenser tulavs are fixed in 
position by means of screwed f(>rrule.s, and the air-cooler tubes and 
drying pipes are secured in tube plates by- expanding the ends in the 
usual manner. The several ttibe plates are provided with covers 
having ribs arranged for llu> proper . irculation of air and water. As 
will 1)6 seen, the machine is peculiarly compact a.id .self-contained, and 
the aip’immp is arranged vertically, and is worked through a T-bob 
from an ec’cntric on \ he ciankshaft. 

The type of machine illustrated in Fig. 129 occupies hut little floor- 
space, and its height allows of its location “ between ” decks of small 
steamers and yachts. The steam cylinder, air-compression cylinder, 
and expansion'cylinder are mounted vertically upon cast-iron standards, 
which latter are securely bolted to a cast-iron bed of hollow box section, 
supporting the <1 uiik shaft liearings and containing the air-cooler, and 
the water-pump is bolted to the base plate and worked vertically from 
a crosshead pin. 

The crank shaft, valve rods, and connecting rods, are of mild forged 
steel, and the slides are of the open type and easily accessible. A 
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Fig. 128.—Haslam Cold-Air Machine. Diagonal Pattern. 
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portion of one of tlie cast-iron standards is made loose so as to admit 
of the crank b' ing readily rcnioved when de.sired. 



Fig. 129.—Haalam Cold-Air Machine. Vertical Pattern. 


The ahovo machines all hale double-acting cylinders. The com¬ 
pressors are either of the water injection type, or (d the dry type and 
water-jacketed, discharging into the surface coolers in the beds. When 
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a compressor of tho first or water-injection type is employed, the above- 
mentioned cooliir is dispensed with, and a .separate water tower is pro¬ 
vided. After being cooled in the ordinary way by water, the tempera¬ 
ture of the compres.sed air is still further reduced by passing it through 
an interehangor, wherein it is subjected to the cooling action of either 
tho spent cold air leaving the enclosed space or chamber where it ha,s 
been used for cooling purposes, or else of the cold air a.s it j)a.SHes out 
of the expansion cylinder. In the first instance separate boxes con¬ 
taining the drying pipes are provided inside the cold chamber, in the 
second case the device is fitted in the fon^part of the bed of the machiiu!; 
the advantage derived fi'oni both these ar'rangeinents is that a furthrsr 
conden.sation and disposition of uioistui'e are thereby etfecti'd. The 
exhaust valves of the expansion cylinder are sepai'atc from the ad¬ 
mission valves, and they are .so designed as to atforil as few obstacles 
to the free passage of the aii' thiu'e-lhrough as practicable. Marine 
types of cold-air machines made by this firm will be found described 
and illustrak'd in the chapter on Marine Hefrigeration. 

In the same year (1880) Lightfoot introduced an improved machine, 
wherein the expansion is performed in two stage,s. The advantage of 
this arrangement is that during the first stage of expansion the air 
can be made to dejiosit most of its moisture, after which the dry 
air is further expanded until it attains the required temperature and 
pressure. 

Tho operation of Lightfoot’s machine is as follows :—The compressed 
air, which is partially cooled, and which when direct atmospheric air 
is employed, is always in a condition of saturation corre.sponding to its 
temperature and pressure, is fu'st passed into a small primary expansion 
cylinder, wherein it is expanded beneath a piston to a pressure that 
will give a final temperature of about 35° Fahr. By this means almost 
the whole of the vajiour held in suspension in the air is condensed, 
and in the form of mist is discharged, together with the air, into a 
separator, upon tho surfaces of which the mist is deposited in the form 
of water", and, falling to the bottom, is drawn off. From this separjitor 
the dried air, which is still at a considerable pressure, is conducted to 
the second expansion cylinder, in which latter it is expanded down 
to the pressure of the atmosphere, and passed out cold and practically 
freed from moisture. 

The following table* gives the calculated relative amounts of 
vapour condensed and deposited in the various stages of cooling, with 
a machine on the Lightfoot system, capable of delivering 15,000 
* PrfKttdingtif Imtitution of Mtchanical 1881. 
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cub. ft. of cooled air per liour, and dealing with air in a tropical 
climate, having aii initial temperature of 90° Fahr., and fully saturated 
with vapour;— 


Total amount of vapour ontoritig with tho air - 
Deposited as water in the eooler 
DeposiUxl as water after first expansion 
Disuharged us ice in cooled air - . - - 

Balance, lieing ri-sidual vapour still existing in 
cooled ail 


1 ,1). 

J’er hour. 

Per cent. 


4.5-3(1 

100-00 

:w(ii 


74-10 



20-40 

0 513 

43-80 

2-05 


1 •.% 

3-45 


Fig. DO is a verticil I central section through the air compression 
and expansion cylinders and the valves of one of the laghtfoot pattern 
of cokbair machines, which may be classed amongst those which have 
ali’orded satisfactory results, as tar at least as the. cold-air ny.stera is 
concerned. A is the coiiipn.-sor which is of the double-acting typo; 
and I! is the oxjiansion cylindei, .vhich is of the single-acting type. 

The cylinders a and 11 , which are arranged tandem stylo or fa.shion, 
and have a connnon piston rod, are placed close together, sufficient 
clcarjnce being left, howi er, to permit of the inspection or examina¬ 
tion of till' p'stons being conveniently effected. An advantage of this 
arrangement is that the coldest portion of the expansion cylinder is 
placed at a. distance from the hottest end of the comprc' ior. 

'Pile air-valves are circular slides formed of phosphor bronze, and 
are operated by eccentrics in the ordinary manner. The advantages 
claimed for this type of valve are, that they admit of the parts being 
formed very short and direct, are imrfectly noiseles.s in action, and 
allow of a high piston speed being :i.sod without any injurious results. 
They are s.iid to have Ixicn found to work very .satisfactorily, and to 
have gum no trouble as regards wear, even when in almost constant 
use for some years. 

The coolers consist of a pair of iron vessels fitted with sets or 
clusters of solid drawn Muntz-metal tubes | in. external diameter. 
Through thesp tub.-s and the compressor jacket cold water is constantly 
circulated for cooling purposes in an opposite dii'ection to that taken 
by the compressed air, by means of a force-pump driven off the crank¬ 
shaft. Any water that may become deposited from the air by con¬ 
densation in the ciwlers is blown off through suitable drain cocks. 

After passing through both the coolers the compressed air is 
reduced in temperature to within some 5' or 6° of the initial tem¬ 
perature of the cooling water; the amount of the latter that is 
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required being usually from 30 to 40 gals, for every thousand cubic 
feet of cold air discharged, or some three or four times the weight of 
the,air. From the second cooler the cooled compressed air is con-. 



ducted to the expansion cylinder b, where it performs work upon the 
piston, and so returns some 60 per cent, of the power that has been 
expended in its compression, and is then exhausted at a temperatui'S 
.. of from - 70° to - 90° Fahr., or lb2° to 122° of frost. ' 
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The steam engine is either of the high pressure or of the condensing 
type; in the latter case the jet or surface condenser is placed below 
the cylinder, which is overhung from strong brackets on tho bed-plate, 
and the air-pump is operated from a continuation of the jiiston rod. 
It will be seen that this arrangement admits of a condensing engine 
being employed without occupying any iwlditional space, or it allows 
of the engine being compounded by the addition of a second cylinder 
tandem fashion, in which case tho condenser is preferably located 
below the high-pressure cylinder, and the air-pumii is driven off a 
crankpin in tlie fly-wheel. When a condensing engine is used, the 
cooling water, after performing its work in the coolers, is passed to 
the condenser. 



Pig. 131. -Lightfoot Single-Acting (fiild-Air Maeliimi. 
Sectional Elevation. 


Fig. 1 :U is a side elevation partly in vertical central section, showing 
the air cylinders of a single-acting Lightfoot cohl-air machine. 

Lightfoot machines of the vertical pattern, with tho exception that 
the coolers are cast in one piece with the frame, do not differ in con¬ 
struction to any material degree from those of the horizontal type. 

The Hall cold-air machine, when driven by a .steam engine, has 
three double^ctiug cylinders located side by side at the end of a 
suitable bed plate, one of which is for steam, the second for compres¬ 
sion, and the third for expansion of the air. Tho cylinders have the 
usual arrangement of moving parts, that for compressing the air being 
water-jacketed, and the connecting-rods working on cranks on the sa^ 
shaft. The valves for the complession and expansion cylinders consist 
of main and expansion slides operated from two weigh-liars. These 
valves were in some earUer type's of machines situated on the undm; 
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side of the cylinders, t)ut in tho.se of later patterns they are locatr'd on 
the top side of the cylinders, whore they are very readily accessible. 
The coolers, which are placed below the bed-plate or frame, are 
arranged for surface cooling and are of the ordinary niultitubular type. 
An interchanger wa.s also .sometimes provided with the older types of 
machines, whoi'cin the air that had done duty in the storage or cold 
chambers was utilised for further reducing the temperature of the 
compressed ail'. In more recent machines, however, a patented form 
of centrifugal moisture separator has been used for drying the com¬ 
pressed air. 

An illustration of one of the most recent 
and improved types of Hall cold-air machines 
will be found in the chajiter on “ Marine 
Refrigeration.” 

The “Arctic” cold-air machine is of an 
improved type, brought out in lb99 by 
T. it W. Cole, Ltd., London. Fig. 1112 is a 
sectional elevation, showing one of the first 
patterns of machine. In this inachine the 
air, after compression in the cylindet and 
water spray cooling, is further cooled by 
passing it through a vessel containing glass 
balls, (fee., on trays over which water is 
sprayed. It then passes through an annular 
jacket, and the hollow head i. of the expan¬ 
sion cylinder for additional cooling. The 
jacket contains either a spiral partition h\ 
which may be perforated, or .spirally-placed 
baffles. The head L contains positively- 
worked inlet and exhaust valves. The com¬ 
pressed air in its passage to the expansion 
cylinder circulates through the circuitous 
passages of the cylinder jacket, and is thereby cooled to a temperature 
of about 32° Fuhr. (many degrees lower than the cooling water) before 
entering the expansion cylinder. This low temperature having the effect 
of depriving the air of all excess of moisture, prevents the clogging of 
ports and passages with snow, which for many years has been the great 
objection to the more general use of most cold-aii- refrigerating machines 
{vide page 241). In the case of small cold-air machines, this difficulty has 
generally been considered insurmountable, but is claimed to have been 
overcome in the small machine of 1,250 cub. ft. capacity illustratedf. 



Fig. 132. — Colo’s 
“Arutic” Cold-Air Ma¬ 
chine, with Auxiliary 
Cooling Arrangenipit. 
First Pattern. Sectional 
Klevation. 
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A later type of machine is shown in Figs. 133 and 134, and in 
Fig.s. 135 and 13fi, the first two being general views of a small and 
a large sized machine, and the others respectively a side elevation. 



Fig. I.'t.'i Cole's “ Arotie'’ Cold-Air Maoliine, with Air-drying 
Arrangement. Small fSize. Belt-driven Type. 


partly in section, and a transvoi'se section of expansion cylinder. In 
this arrangement also the compressed air is passed round the expansion 
cylinder, and cooled to some 27° lower than the available cooling water. 
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Fig. 134 .—Cole’s “Arctic” Cold-Air Machine, with Air-drying Arrangement. Large Size. Steam-driven Type. 
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and thus deprived of most of its 
moisture. This cylinder n is 
jacketed at c, and provided with 
ribs p and partitions 0 , n, which 
is arranged to make the air take 
a circuitous course round the 
cylinder and its ends to the 
valve boxes K, and the jacket 
may be extended to include the 
pipe 1 ) leading the expanded air 
to the refrigerating chamber. 
Tlie base or bed i for this cylin¬ 
der also o<intains partitions o', n' 
for circulating the air, and it has 
a sloping bottom 0 with a water 
seal or valve to remove the cou- 
densfsl moistm e. Before passing 
round the expansion cylinder, 
the air from the compressor is 
paasetl through a chambci- con¬ 
taining spheres, Ac., over which 
water trickles, and then through 
a series of tubes to remove some 
of the moisture after the pre¬ 
liminary cooling. The illustra¬ 
tions show a double-acting ex¬ 
pansion cylinder, as descrited 
alxive, but the invention is ap¬ 
plicable to vertical or to single- 
acting cylinders, and the ar¬ 
rangements of the partitions and 
ribs, and consequently the course 
of the air, may be varied. The 
compression and expansion cylin¬ 
ders may be mounted on a bed 
containing the cooling arrange¬ 
ments. 

Figs. 137 and 138 show in¬ 
dicator diagrams taken respee- 
tively from a double-acting and 
a single-acting expander of an 




Figs. 135 and 136.—Cole’s “Arctio”Oold- 
Air Machine, with Air-drying Arrange¬ 
ment. Side Elevation partly in SectioB 
and Transverse Section. 
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“ Arctic ” cold-air raachine. The data connected with this test will 
be found on page 244. 

A cold-air niacliine, or air compre.s.sion refrigerating machine, com¬ 
prising certain novel features, or, to speak more correctly, a novel 
application, is the Allen machine, which is known as the “ Allen 
Dense-Air Ice Machine,” made by Frank Allen, Brooklyn, New 
York. 

The Alhm Dense-Air Tee Machine is illustrated diagrammatically 
in Pig. 1.39, and briefly it comprise.s tlu' following p.art.s; -A shiain 


Fig. —Indioator Biagram from I>oublc-Acting Kxpaiidrr of “Arctic’’ Diy 

Cold-Air Maeliinc. (For Data of Test see page‘J44.) *. 




■ Fig. I3S.—Indicator Diagram from Single-Acting Expander of '‘Arctic” Dry 
Cold-Air Machine. (For Data of Test see page 244.) 

cylinder q for driving purposes, a compression cylinder R, in which 
the air is compressed to about three times its primary pressure, 
which cylinder is water-jacketed to prevent injury to the piston 
‘packings from the heat engendered by this compression. A copper 
coil 8, immersed in a water hath, into which coil the compressed air 
is passed and cooled, or reduced to the temperature of the cooling 
water. A return air-cooler T, by moans of which the compressed 
air is. further cooled by the cold air returning from the cold storage 
chamber. An expansion cylinder v, wherein the cooled compressed 
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air is allowed to expand to one-third of the tcn.sion of compression, 
that is to say, to its original pressure, on entering the compressor 
cylinder, during wdiich operation it is cooled as much as it was 
pre^'iously heated hy the compression, and leaves the cylinder at 
a very low temperature. This cooled air is then discharged into 
a well-insulated pipe, liy means of which it is conveyed to the 
place which it is d(!sired to cool. Here tin; pipe service is left 
exposed; that is to say, it is not insulated, and the cold air, after 
talcing up the heat fi'om the suiTounding matter, is again returned 


RtTUAN Mil 



to the c(imprc.ssor, when; it i.s again subjected to compression, ccwled, 
and expandcsl as l)efore. 

A suitable trap or separator, as indicated at v, is also provided 
for eliminating tlw lubricating oil u.sed in the cylinder, as well as 
any snow that may be formei', f.om the cold air. The deposits are 
removed from this separator by hisiting the latter through a suitable 
steam pipe, and running off the contents through a drain pipe and 
cock, the machine being so arranged that any frozen deposits from 
the expansion cylinder will be. at the same time thawed and blown 
out into the separator. In operation the separator requires blowing 
out once or twice in every twenty-four hours. 
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■ Cooling water for the separator, the copper air-cooling coil bath, 
and the water jacket round the compression cylinder, is supplied by 
an Ordinary plunger-pump w, and a small supplementary air-pump x 
is also provided for charging the system wh(ui starting with air up 
to the necessary pressure, and also for making up any losses that 
may occur by reason of leakage through stuffing boxes and joints 
whilst the machine is running. To extract the moisture from this 
fresh supply of air to the system it is passed through a drier or 
separator v, by moans of which it is dried as far as practicable before 
entering the machine, z is a safety valve. 

The operation of the apparatus is its follows:—The normal pressure 
of the air in the system is (iO lbs. jH'r square inch, and this air is 
compressed in the compressor to 210 lbs. per square inch. Should 
it be found impossible to keep up these relative pressures of 60 lbs. 
on the suction side and 210 lbs. on the discharge .side, it is a sign of 
leakage. The oil trap or separatf)r Ijeing choked by congealed oil or 
snow, or the closing of valves will likewise cause a disturbance in the 
pressures. 

It will be seen that the air is in this machine used in a closed 
cycle. The compressed air from the compression cylinder is cooled, 
expanded down to its original pre.sHure of 60 lbs. per square ineb 
whilst doing work, and the resultant cold air at a temperature of 
about 60° Ixslow zero Pahr. is forced through the refrigerating or 
cooling pipes, where it takes up the heat from the surrounding objects, 
and is again returned to the compression cylinder to be compressed, 
cooled, and expanded, and so on ad infinitum. 

It is claimed for this machine that by maintaining the air at a 
constant pressure of five atmospheres (60 lbs. gauge pressure) it 
can be conveyed in pipes of comparatively small diameter, and the 
rise of temperature will Ix) alight. No absorbed water vapour has to 
be cooled from the vapour to the frozen condition, and the greater 
efficiency of ^ the dense air or air under pressure enables a very much 
smaller machine to be used' than would be the case with an ordinary* 
cold-air machine for the same capacity. 

The only additional moving part in the Allen dense-air ice machine 
is the*.small auxiliary or primer pump which is a simple plunger-pump 
of ordinary construction. ITiere are also the closed refrigerating 
pipe system, and the two traps by means of which the lubricating 
I oil and water are removed or eliminated from the air, and the 
latter is maintained in a pure condition whilst passing through the, 
pipes. 
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It will be obvious that the refrigerating or cooling pipes will be 
arranged in tlic cold storage room or cliainbei' in a .similar manner 
to those of any direct e.xpansion ammonia plant. As no chemical 
cii'culating agent or medium i.s employed, the item.s of expense com-- 
prise only the steam (jon^jtoed in the driiiug engine or motor, the 
necessary lubricating <iil, and the labour of attending to the machine, 
which the makers .state are small. 

The etliciency of dense-aii- machines i.s low, and as compared with 
ammonia conn>res.sor,s, they consume from ten t(j fifteen times the 
horse-power. l)eii.so-aii' refrigerating machine.s have teen lasts] to .some 
e.xtent on board warship.s belonging to tint United States owing to the 
iumiunity from danger in ca.se of leakage. 

In a paper* on “Hefrigerating Machines,” by Arthur Robert 
dale, d.E., the author makes the following observations on refrigerat¬ 
ing machines of the cold-air tyjie;— Out! of the chief difficulties in 
cold-air machines is the lu'csencc 'f moisture held in suspension by 
the atmosphere ; this applies e.specially to the open cycle machines. 
Moistui'o in the air occasions los.s of etliciency in two ways. If the 
air elite, s the expansion cylinder in a saturated condition, when the 
air is cooled by expansion whilst performing work, a certain amount 
of vapour is condensed and thrown down—the point of saturation 
being dependent on the temperature. The vapour, in changing to the 
liquid stale, gives its latent heat of vaporisation to the air ; and as the 
expansion of the air continues, and the temperature is still further 
diniinished, the liquid freezes and accumulates in the form of snow and 
ice in the valve.s iiid pa.s.sages, giving up its heat of liquefaction to the 
air. Thus not only does the presence of moisture in the air produce 
mechanical dilliculties, choking the air pa.ssages and impeding the 
action of the valves, hut, tor the same expenditure of energy, the cold 
air leaves ll.o machine at a higher temperature than would have been 
the ca.se if there had not teen a superabundance of moisture in the 
air during expansion. 

“ As the cold-air machine is the direct reverse of the heat-engine, 
so also its conditions of greatest efficiency differ from those of the 
latter. The maximum theoretical efficiency of a refrigerating machine 
may he expressed by the formula— 

Ha T 
E ~Tc-T’ 

* Mhmten of J’rocefdhigs, Inal. C.Ii., vol. cxviii.. Session 1893-94, pp. 421 
422. 

16 
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where E is the thermal equivalent of the work of compression, 

Ha denotes heat-units abstracted by the system, 

Tc denotes absolute temperature at wliich rejection of heat 
takes place, 

T denotes absolute temperature at which absorption of heat 
takes place. 

From the above it follows that— 


E = Ha 


Tc-T 


i.e., in any refrigerating machine the greatest efficiency will be obtained 
with a small range of temperature; the greater the range the smaller 
the efficiency will be, other conditions being equal; also the efficiency 
is increased as the lowest limit of the range of temperature is raised. 
Thus a machine working between the temperatures of 100“ Fahr. and 
Fahr. would, other conditions being unaltered, be more efficient than 
when working between 60° Fahr. and - 40° Fahr. These remarks 
are applicable to any system of refrigeration, and are not peculiar to 
the cold-air machine.” 

For some time it was very generally supposed that many kinds of 
provisions of a perishable nature were liable to receive damage from 
the snow held in suspension in tho cold air from these machines, and 
it was this fear of injurious effects which prompted inventors to design 
those forms of special drying apparatus intended to remedy this defect, 
such as the Bell-Coleman interchanger, wherein the air is dried by 
passing it through a series or set of coils situated in the chamber 
cooled by the machine; of the improved form of the above designed 
by Haslam, wherein the interchanger is cooled either by the spent 
cold air on its leaving the chamber wherein it has been utilised, or by 
the cold air as it passes out of the expansion cylinder; the Lightfoot 
machine,- wherein the expansion is performed in two stages; or of 
Hall’s centrifugal moisture separator (or the air-drying arrangement of 
T. & W. Cole). Hence the term " dry-air refrigerator.” ‘ 

This objection to the oold-air machine arose, however,-from a fault 
the evil effects of which, it has now become evident, have been un¬ 
doubtedly much exaggerated, as in practice no such damaging results 
to the contents of the stores or chambers are experienced as it was 
supposed and predicted would ensue, although of course the snow 
that is formed in the manner abovh described is an undeniably objec¬ 
tionable product. If a cold-air machine be worked on the principle 
of exelusioff of the aqueous vapour, after a few cycles of opmatiohs 
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the air will have became dry, and will thenceforward work like a true 
gaa. 

Owing to their comjwuitneHS and simplicity, to the non-requirement 
of any chemicals, and to the great facility of application, cold-air 
machines are found to be very suitable for marine installations, and 
for this purpose they are extensively employed. They are also, 
however, in use to a considerable extent for refrigerating cold 
stores or chambers for the preservation of previsions of a perishable 
nature. 

An objection, howevei, to machines of the Bell-Coleman type, 
wherein the air is partially cooled during compression by the injection 
of cooling water into the compressor, is experienced at sea, by reason 
of the corroding action of the salt water, in addition to the loss of 
efficiency common to all machines of this class. Considerable difficulty 
has been experienced in tropical cbmates, where, with the cooling 
water at about 90^ Fahr., the nicisture-laden air would bo delivered 
into the cooling pipes at a temperature of 9.5' Fahr., or more, and 
the absolute pressure would be about Gf) lbs. per square inch. Now, as 
there is, os Mr Lightfoot observes,* “precisely the same amount of 
dry cold air circulating outside tiie cooling tubes in a given time 
as there is warm compressed air within, it follows that by whatever 
amount the temperature of the internal air is reduced, by an equal 
amount must that of the external air be raised. But, ii. addition, the 
internal air has vapour mixed with it, which, as the temperature falls, 
gives off heat, measured not only by the reduction in its sensible 
temperature, but by the latent heat of vaporisation; and this heat 
also has to be taken up by the external air. It will be found that, 
assuming each pound of internal an', with its proportion of vapour, 
to be reduced to 42" Fahr., the pound of external cold air, which has 
to take up all the heat due to this reduction, will be raised in 
temperature by 84" Fahr.” 

This defect is obviated in machines of T. & W. Cole’s “Arctic” 
type, as the air is cooled by their drying arrangement some 25° lower 
than the cooling water. Thus in tropical climates, where the cooling 
water would be about 90°, the compressed air would be cooled down 
to 65°, and thus bo deprived of a great proportion of its suspended 
moisture before being admitted to the expansion cylinder. 

Instead of using the spent air for cooling purposes, the cold air 
from the expansion cylinder majf be applied direct to the cooling 
apparatus; but in this case difficulty would be experienced from the 
* Proceedings, Institute qf MechmUcal Engineers, 1881. 
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deposited moisture inside the tubes actually freezing fi'oiu tlie intense 
cold of tlic external air, a didiculty which, it appears, has often 
occurred with this apparatus. This, apart from the nuu’e obstruction 
of the pipes, would involve a further sacrifice of cold, owing to the 
liberation of ilui heat of licjuofaction. 

The following table shows the results of test experiments made 
with m(Klified Giffard, Ilasl.am, Bell-CJoleman, and Cole’s “ Arctic ” 
machines: 





Hell. 

('oleniaii 1 

Cole’s 
“• .'\ictic ■' 5 


Giffanl ' 

llaslani i 


—- 




No 1 

No I 





Sl/e. 

Si/c. , 

Diameter of compression cylindei, in las. 

V7 

■-’5'i (‘-cy-) 

28 

II 

91 

,, expansion ,, ,, 

Stroke of each .... 


'9a .. 

21 

9 

si 

i 8 

,6 

2 t 

1 ’ 


Revolutions per niiiiute .... 
Air pressure in receiver (absolute), in lb-- 

6-i 

7^ 

0 } 2 

99 

l()o 

per sq. in. . 

Tcmperatvire of air entering; cunipression 

f>s 

64 

61 

65 

75 

cylindcT (contauunn vapuin up to 88 pet 
cent, of sainraiion). 

1 '. 


dsi 1 ' 

48 

40 

Temjierature of an discharyed fioineoni- 






prcssion cylinder . 

Temperature of compressed air admitlsd 



< 



to e.vpatision cylinder .... 

70 1 '. 

K. 


35 


Temperature of an aflei e-\p:insion . 

Work done in compits''ioii cylindei, from 
diagram . . . . • 

Work given off in expansion l ylindci, 
fromdiagiam. . . . . 

Different c in work done in tomjiressiou 
cylinder, and woik given off in expan¬ 
sion cylindei. 

Diameter of steam cylinders, in ins., 

., , itunks in cylinders, in ins. . 

Stroke of trunks ... 

Initial steam pressure in cylinders (abso¬ 
lute) per sep in. . . . 

Work given off in steam cylinders, from 
diagram . . . '. 

Initial temperature of cooling water. 

8 / K. 

4i i^H P. 

■ 32 

- 81 

.,S 


i 8 -o 5 H.l‘. 

'5‘<J7 

12 

ID 

15 

55 lbs. 

24-6 H.P. 




62 

4' 

Pinal „ n „ . . 

Quantity of cooling water passing per 

145 P- 





minute in lbs.. 

Work 4ost in heat taken off by cooling 

9* * * § 25 





water. 

19 H.P. 





l.H.P. in compression cylinder 

43't 

346'4 

t84'5 

M'S 

* 3*28 

,, in expansion cylindei 

Per cent, of l.H.P. of compression re- 

28 'o 

176*2 

5&'5 

7-8 

1*68 

turned in expander .... 


5> 

47 

54 

5» 


* ProcttdingHt ImtihUion of MachankaJ 1881. 

t Procefdings, Maiichester Society c[f Engt7ieer8, 1894. 

X Professor Schroeter, “ Untorsuchiftigen an Kaeltemaacliieron verechiedener 
Syateme,” 1881. 

§ A. J. Wallis-Tayler, 1902. ' 
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EoRMULA for CALCULATINrl THF, AMOUNT OF AlR DKLIVF.RED PF,R 

Hour nv Cold-Air Machines, when the Revolutions and 
THE Size op the Compressors are known. 

Tills is ffivpn as follows by Me.ssrH Haslani in llieir catalogue of 
ice-making and refrigerating luacliinery:— 

, . , , , A X N X 2H X S X fiO 

Air discharged per liour =-vn Tt, - . 

172o 

Wlioro A=--Area of oach com|»ressor in inches, 

N ~Numb(n‘ of compressors, 

2R = Strokes per niinute (or t>wi(;e the revolutions), 

GO = Minutes per hour, 

S —Stroke in inches, 

1,7’2H ' Cubic inches in I ft., 

C l^'actor of ('lFici(ui(y whi(^h is tak(‘ii as *8 for short 
strokes, and *85 for long strokes. 



CHAPTER XI 

COCKS, VALVES, AND PIPE JOINTS AND UNIONS 

Expansion nr Regulating Cooks and Valves—Stop-Cocks and Valves—Suction 
and Discharge Valves—Pipe Joints and Uniona-Means for increasing the 
CkKjIiug Surface of I’ipcs. 

Expansion or Reoiilatino Cocks and Valvrs. 

A NUMBER of cocks or valves are required on every refrigerating 
.machine, the most important Dung, however, the; expansion or regu¬ 
lating cock or valve, or as it is sometimes called, the flash-cock or 
valve, which serves to control the connection between the condenser 
and the refrigerator or evaporator. 



g. 140,—Taper Spindle Expansion or Regulating Valvi 
View partly in Vertical Section. 
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Fig. 140 is a view partly in vertical central section, and Fig. 141 
is a vertical central section showing two pattonis of a very common 
form of expansion valve of the taper spindle type which are adapted 
for use with manifolds. The construction of the.sfi valves is obvious 
from the drawings, the taper spindles and valve boxes or casings are 
made of hardened steel, and whilst extremely simple in construction 
the typo is, perhaps, all things considered, about the most effective 
arrangement for g(meral purposes. 

Figs, 142 and 14.^ show in vertical central section the ^-in. angle 



Fig. 141.—Taper Spindle Expansion or Regulating Valve. 

Vertical Central Section. 

and globe expansion valves employed by the Triumph Ice Machine 
Company. These valves are made of the best machinery steel, and 
are so constructed that they can be packed at any time. The drawings 
are self.e3tplaiiaUiry, as is also that shown in Fig. 144, representing a 
vertical central section through the Frick expansion valve, which is 
constructed of drop steel forgings. 

Fig. 14.1 is a plan. Fig. 146 is'a vertical central section, and Fig. 
147 is a view of the plug partly in vertical section through the port or 
way, showing the De La Vergne improved expansion cock. 
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The port or passage through the plug (Kgs. UC an.l 147) is so 
tormed as to admit of the nicest regulation being effected. With this 
object the round liole is not carried comi.letely through the plug, but 
only through about tlireeHiuarters the thickness thereof, as shown in 
Kg. 147, and the remaining thin bridge of metal is perforated in the 
shape of a veiy narrow wedge as show'ii in Kg. 14C. 

I he plug i.s rotated by meiuis of a worm ami woi'm-wheel in the 
manner which can he elenvly seen from the drawing, and whevehr 



Fig. 142.—Triumph'Angle Ex- 
pansion or Regulating Valve. 
Vertical Central Section. 



Fig. 143. -Triumph (HolHi Ex¬ 
pansion or Regulating Valve. 
Vertical Central Section. 


wry fine or delicate adju,straent can ho readily imparted thei-eto. 
Ihe narrow wedge-shaped passage or aperture allows of the flow of 
the liquid ammoma being regulated to the minutest possible amount, 
the point or apex thereof being the first to open. 

The stop-cocks or valves described in a patent taken out by Puplett 
and Rigg in 1887 for regulating o'r completely cutting off or arresting 
the flow of the gas or liquids to the various parts of the apparatus have 
metel seats To prevent leakage of the gas or liquid, the stuffing boxes 
of these valves are provided with screwed glands, which are likewise 





COCKS AND VALVES. 


249 


•screwed on to the valve spindles, which latter are screw-thixsaded for 
their entire length, and are pnek(M] with some suitohle yielding fibrous 
or metallic packing, such, for instance, as hemp or lead. This packing 
is caused to enter into the screw threads upon the spindles as the 



Fig. 1 W.—Frick Angle Expansion or Regulating Valvo. 

Vertical Central Section. 

glands are forced or screwed down, thus making gas-tight joints round 
the latter without causing the valves to set fast. A description of the 
Pontifex expansion or regulating valvo will be found on page 187, being 
one of the improvements included in his 1887 patent. 
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Fig. 145.—De La Vergne ExpanBion or Regulating Cock. Vertical Central 


Fi«. l#6.- 

Do. 

do. 

do. 

Section. 

View of Plug partly 

iSg. 147.- 

• Do. 

do. 

do. 

in Section. * 

Plan. 
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A form of expansion valve for use with ammonia or other com 
pression machines has l)een designed by Suppes and Doi tcli of Ohio, 
U.S.A., which, it is claimed, obviates the Wraation of ice upon the 
exterior of the valve owing to the intense cold which is produced at 
this point by the expansion of the ammonia or other agent. Briefly, 
the expansion valve now under consideration comprises a valve and 
easing having a pipe member connecting the expansion orifice of the 


valve with the refrigerating coil. 



Kg. 148.—Trittmpli Safety Com¬ 
bination Expansion Valve and 
Stop-Cock. Vertical Central Sec¬ 
tion. 


which valve is provided with an ico- 
guard consisting of a member of a 
comparatively large area secured to 
the exterior of the valve casing ad¬ 
jacent to the valve. This ice-guard 
or member performs the double 
office of, firstly, absorbing heat from 
tho atmosphere, and in this manner 
preventing an undue reduction in 
the temperature of the valve casing 
from taking place; and, secondly, 
of forming a barrier over which the 



Kg. 149.—Haelam Im¬ 
proved Type of Expansion 
Valve. 
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ice which accumulates on the pipe memher must creep before it can 
reach that portion of the casing .surrounding the valve. 

In Fig. 148 is illu.strated the Triumph safety combination expansion 
valve and stop-cock. With this valve there is no nec.e.ssity for pump¬ 
ing out or shutting down the plant, as it can be repaired at any time 
by sbutting off the stop-cock, removing the stem .and inserting in its 
place a .short plug which is sent out with each valve. Expansion can 
then be effected with th(! stop-cock, which h.as a V-shaped opening at 
both ends, so that no mistake can be made as to which direction it is 



Fig. tno.— T)e La Vergne 2J-in. SUip-Cock. Vertical Central Section. 

turnefl. When the expansion valve is repaired, all that is required 
is to simply shut off the stop-cock again, remove the short plug, and 
reinsert the valve stem, after which work can be resumed us before. 

Fig. 149 shows the Haslam improved type of expansion valve which 
is especially adapted for fine adjustment. 

Stop Cocks ajvd Valves. 

The De La Vergne improved form of stop-cock for ammonia gas 
is illustrated in Figs. 150 and 161, which show vertical central sections 
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tlii’ough tlie shells or casings of a 2|.iu. and a l in. cock, the plugs 
Ixjing left in elevation. 

As will be .seen from the drawings, the square for operating the 
plug is, contrary to the usual custom, ])laced at the small end thereof, 
the latter being pixasccl to its seat by a spiral spiing inserted between 
its large end and a cup bolted up to the shell or casing, and having an 
annular projection adapted to engage in a corresponding groove formed 
in the latter, and wherein is provided a lead or otlier washer. Similar 
means for forming a gas-tight joint are provided at the small end of 
the plug, and in this manner the escape of any Huid into the chamber 
that might chance to ]>ass the plug is prevented. The even and con¬ 
stant pressure of the spiral spring maintains the ])liig always on its 
seat, and prevents any grit or other impurities from getting between 



Fig. I."!].—l)c L .1 \ cigiio l-in. Step-Cock. Vertical Central Section. 

the surfaces and cutting or abrading them. The .shell of the small¬ 
sized cock or valve ^Fig. IDl) is of slightly modified form. 

The Kilbourn stop-cock is provided with a cone, gland, nut, or 
sleeve, and collar, so constructed and combined that by turning the 
gland nut in the one direction the cone will 1x5 forced into and held 
in its seating, whilst on the other hand by turning it in the other, or 
opposite direction, the cone will be started from its seating. 

The tonbU'uction of the Triumph Ice Machine Company’s stop- 
valve is such as to admit of its being packed at any time without 
running the risk of loss of gas. The valve has double seats, and the 
valves, when closed, clamp the seats so that it s impo.S8ible to have 
any leakage. The seats are formed of lead, so that should they at any 
time be injured by foreign matter, by simply removing the damaged 
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seat and inserting a new one a new valve is secured at only the 
expense of a lead .seat. Tig. 152 sliow.s one pattern of shut-ofif or 



Fig. 1.52.—Frick fshut-off or Stop-Valve. Vertical Central Section. 



5ig. 153.—Frick Stop-Valve. ‘ Fig. 154.—Frick Stop-Valve. 

Perapective View. ^ Perspective View. 

stop-valve used by the PVick Company. Figs. 153 and 164 are two p 
other patterns of stop-valves made by tire same company. 






COCKS AND VALVES. 


255 



Fig. ITm —TTaHlam Standard Typo ot l^Mg. 156.—Haslam Standai-d Type of 
Ainmoni^ Valv*', for Cormectionfi over Ammonia Valvu fur Coimeotious over 
1 in. diameter. 1 in. diameter. 



Fig. 157.—Haslam Small Steel Valve for Gauge and other Connections 
under 1 in. diameter. 
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Figs. 15,1) and 150 are sectional views of the stiuidard Ha-slaiu type 
of ammonia valves such as are supplied for all .sections over 1 in. in 
diameter, and are the outcome of many years’ e.vperience. The bodies 
of the. valves are constructed of a special mixture of gun iron, the 
valves and spindles being of steel. A special feature of this type of 
valve is that the gland can be repacked at any time without possibility 
of loss of ammonia. Fig. 157^11usti'ak‘s a small steel valve used for 
gauge and other connections under I in. in diameter. 



Fig. liW.—Discharge V'alvc, llui- Fig. 159.—(Suction Valve, Her¬ 
cules Compressor. Vertical Cen- cules Compressor. Vertical Cen¬ 
tral Section. tral Section. 


SucTiotf ANi> Dusoiiahoe Valves. 

Compressors for ammonia or other volatile refrigerating agents are 
usually provided, in the case of a vertical single-acting machine, with 
two valves—a suction and a discharge valve—at one extremity of the 
cylinder only; and a double-acting horizontal machine has as'a general 
f ule four valves— two, viz., a suction and a discharge valve, being located 
at each end Of the cylinder. It i.s hardly necessary to remark that these 
valves must, like all other valves in the system, be maintained tight, but, 
in addition to this, these particular valves are all held against their seats 
by suitable steel springs; and it is a matter of the greatest importance, 
as regards the securing of the utmost economy in working possible, to 
see that the proper amount of tension is put upon these springs. 
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Should the spring governing the discharge valve of a compressor 
be too strong, then it is evident that an undue amount of pressure will 
have to be exerted in order to raise it from its seat, and hence a loss 
will be experienced. 8till worse is it if the spring on the suction valve 
be over powerful, as in this event an excessive amount of suction will 


<• 



Fig. 160.—Triumph Suction Valve. Vertical Central .Section. 

hare to be produced in order to effect the raising of the valve off its 
^t, thereby creating a serious interference with the flow of the gas 
into the cylinder of the compressor.- Very sensible losses in efficiency 
will be experienced when the springs of both valves are exertmg an 
over-pressure. A veiyr small loss in the volume of gas for each single 

17 
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or double strok(^ of a comprensor will in twenty-four hours amount 
to a serious item. 

Tlie most effective method for adjusting the tension of the com- 
nressor valve springs to a nicety is by the use of the indicator. In 



Pig. Itil. , 

Ti iuiiipli Pattern Suction Valves for Frick Coinpre-ssors. 
Vortical Central Sections. 



Fig. 163. ’'■S' 

Triumph Pattern Suction Valves for I)e Lir Vergiic Compressors. 
Vertical Central Sections. 


fact, without the use of the latter instrument, it is impossible to 
ensure any degree of accuracy of. adjustment, and consequently eveiy 
compressor should he provided with proper pipes to admit of the 
attachment of au indicator, 
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Figs. 158 and 159 show respecti voly the construction of the di.s- 
chiirge and .suction valvo of the Hercules compimsor. An obvious 
objection to the old form of construction wa.s that on the removal of the 
cap the whole valve would fall into the cylinder. In the improved 
pattern made by the Triumph Company, this objection is obviated. 

Fig. 160 shows the Triumph auction valve. This valve i.s fitted 
with a guard so constructed as not to reduce the port aroii, which 
guard is attached to the lower end of the valve .stem, which is enlarged 
for this purpose. In cast' of breakage, or should the stem come loose, 



I' lg. Hk").—Triumph Tattein Valve fur Calahan Compressor. 

Voitieal Central Section. 

this guard will prevent the valve from dropping into the cylinder. 
By removing the hood or cap on the top of this valve, which may be 
done whilst tire machine is in operation, the movement of the stem may 
be seen. This enables the person in charge to ascertain whether or 
not the vglvo i', working properly. Should the suction valve become 
tight from some cause, or the spring be too tight, all that it is necessary 
to do is to remove the cap, take o£F the locker and turn the valve- 
stem to the right. If, on the contrary, the spring is too slack or light, 
and permits the valve to open too much, the stem should be turned to 
the left. After the required adjustment theHocker and cap can be 
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replaced and the valve will be found to be working properly. The 
whole of thi.s operation can be effected without shutting down the 
machine. 

Figs. 161 to 164 show the patterns of safety suction valves con¬ 
structed by the Triumph Company for the Frick and the De La 
Vergne types of compre.ssors, and Fig. 165 illustrates the pattern of 
valve made by the same company for the Calahan type of machine. 


Pipe Joints and Unions. 

An important part of a compression plant is the provision of 
absolutely gas-tight pipe joints, which, by the way, is by no means an 
easy matter to effect, at least with the agents working at the higher 
pressures. It is scarcely necessary to observe that the pipes must be 
so put up that they will be capable of expanding and contracting 
freely, for the range of expansion in pipes which are liable to be 
subjected to extremes of temperatures so widely differing as in the 
'present case, is considerable. The pipes should likewise be fixed in 
sections, so that any particular portion can be removed for cleaning 
or repairs and replaced in position without having to interfere with 
the other ones. 

For various rea.sons it is impracticable to use joints screwed 
together with white or red lead or varnish, as in the case of steam- 
pipes, and consequently some other method of forming a gas-tight joint 
has to be resorted to. A joint which is frequently employed is a 
compound screwed and soldered one, and this kind of joint is found in 
practice to be a very durable and reliable one, being capable of with¬ 
standing the expansion and contraction to which the pipes are con¬ 
stantly liable, as well as the periodical rapping to which they are 
subjected during cleansing operations. The leading features of all 
joints of this description is the commencement of the female screw 
thread in the socket a short distance from the extremity of the pipe Or 
fitting, the intermediate portion being slightly enlarged so as to^onn 
an annular space or clearance, when the spigot end of the pipe is in 
position, adapted to receive the solder. 

A method of forming gas-tight joints, for use wherever the end 
of a coii or of a pipe is to be secured to the sides or ends of any 
of the chambers, invented by Rontifex in 1887, is as follows;— 
A nut is screwed on to the pipe on either side of the plate, and bn 
one or both sides of the plate a circular recess is formed around t^e 
pipe. Into this recess, and around the pipe, is inserted a padkiug 
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ring or insertion of india-rubber or of any other suitable material, 
which ring is circular in transverse section. The nut screwing on the 
pipe is likewise shaped circular at one end so as to enable it to enter 
and fit into the recess, or in some instances a washer, so formed, or 
dished or hollowed out, that when forced against the packing ring 
it will cause it to press inwardly against the pipe, is interposed 
between the nut and the plate. In this manner a perfectly gas-tight 
joint, capable of withstanding considerable pressure, is formed, the 
india-rubber or other packing ring or insertion being firmly held in 
position so that it cannot escape from the pressure that is put upon it. 



I’ig. 166.—De La Vergne Pipe Joint. Perspective View. 


Figs, 166 and 167 illustrate, in perspective and vertical central 
section, the De La Vergne type of pipe joint. To ensure a tight joint 
to withstand high pressure the flanges are connected to the pipes both 
by screw threads and solder, the latter being run into the annular 
recesses or clearances shown above the threaded portions, the surfaces 
of which are well tinned. The joint between the flanges is formed by 
an annular projection upon the one fitting into a corresponding groove 
formed in the other, which, when the nuts are screwed up upon the 
bolts for connecting the flanges, is pres.sed homo and bears upon 
a suitable packing ring inserted into the bottom of the correspond¬ 
ing groove or recess, and thus forms a perfectly gas-tight joint. Similar 
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screwed and soldered joints are likewise employed wherever it is 
necessary to use a return bend, elbow, tee, cross, or other connecting 
pxece. Ihe fittings are either made of malleable iron or steel. 

The result of covering the thread of the pipe with solder, and 
running the latter into the alKive-raentionod annular recess or 
c earance, and thus forming a compound screwed and soldered joint, 
IS, that what 18 otherwise the weake,8t part of a length of piping becomes 



/ig. 1«7.-De La Vergne Pipe Joint. Vertical Central Section. 

the strongest. It is stated by the company that it has been invariably 
found that when the usually applied test of 1,000 lbs.' hydrostatic 
pressure to the square inch is overrun, the pipe rips open before the 
joint gives out. 

.Fig. 168 is a vertical central section illustrating the Kilbourn joint, 
which IS especially intended for us6 where it is necessary to set tubes 
or pipes in places where an expander cannot be used, or where sweating 
or soldering is reijuisite to make a perfect gas-tight joint adapted to 
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withstand vcrv high pres.surcs. As will he seen from the illustration 
the extremity of the pipe is hanged and secured in a recess in the plate 
by means of a nut or collar, after which solder is run round it. 
Where the plate is of insutticient thickness to allow for a depression 
being left for the solder a rib i.s formed thereon, as shown. In this 
manner the inventor claims that the pip<^ or tube can be so secured 
to a tube plate or its equivalent that it will be perfectly firm and rigid, 
and that the sohhu- will retain its hold against all ordinary or usual 
contingencies, whilst at the same time forming a perfectly gas-tight 
joint. In Fig. 169 is shown the Kilbourn coupling for connecting 
together dift'erent lengths of pipe, or forming joints between the latter 
and tlunr connection.s, where tluid-tiglit joints to withstand very high 
)iresKui'es are demanded. The usual internally scrow-threaded socket 



Fig. 168.—Kilbourn Joint for connecting Pipes to Plates. 
Vertical Central Section. 


is chamfered or bevelled at its extremities, and caps having internally 
chamfered shoulders and bored to fit over the pipes, and over the 
socket, ail! forced against the latter by means of back-nuts, so as 
to compress the packing rings or jointing materials, placed between 
the chamfers on the socket and caps, as shown, and thus form a 
perfectly gas or fluid tight joint. 

In formirig a screwed and soldered joint (Figs. 166 and 167) of 
the type above described, owing to the comparatively .small amount 
of surfaces in actual contact and tending to prevent leakage, it 
is essential that great care should be taken in order to ensure the 
lasting qualities of the joint, ami if these precautions be observed, and 
the joint be well made, it will remain gas-tight for a considerable 
number of years. Those portions of both the exterior and interior 
surfaces of the pi|>es between which the solder is jamred should be 
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first carefully tinned, this operation being performed just before the 
formation of the joint, so as to avoid the injury tliat might otherwise 
occur to the thin layers of tin, and thus to ensure as perfect surfaces 
as possible and admit of as firm as practicable an adherence of solder 
to both of the surfaces to be united. 



All grease having been first care¬ 
fully removed by scraping and washing 
over with killed or prepared hydro¬ 
chloric or muriatic acid, the tinning of 
the faces can be easily performed by 
means of a soldering iron in the ordi¬ 
nary manner. The killing of the hydro¬ 
chloric acid is effected by placing in it 
pieces of zinc until all ebullition ceases, 
and after cooling, diluting the acid with 
water in the proportion of two parts of 
the latter to one part of the former. 

It will, of course, be understood that 
to disconnect a screwed and soldered 
joint, a sufficient application of heat 
must be made to melt or fuse the solder. 

Figs. 170 to 183 show a few amongst 
the numerous other joints that have 
been brought out and used. Fig. 170 
is a very substantial pattern of steel 
flange union or connection, in which a 
blue-lead gasket is used which is cast to 
fit into the square groove in the face of 
one of the flanges, the rib or projection 
on the opposite flange also fitting into 
this groove so that when the flanges are 


Fig. 169.—Kill) 0 «rn Joint for 
connecting different lengths of 
Pipes. Vertical Central Section 
through ,loinl. 


drawn together by the four bolts, the 
lead gasket will be pressed firmly unto 
the groove, the latter preserving the 
form and thickness of the gasket, and 


so forming a perfectly gas-tight joint. 
Similar types of unions are also shown in Figs. 171, 172, and 173. 
The flange union shown in Fig. 17t is intended for a joint made with 
rubber and gasket, or any sheet packing similar to that used for gas, 
water, and steam, and the flanges are made of steel. " 

By I'eason of the larger surfaces tliat are in contact, flange joints 
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formed in the ordinary manner would remain gas-tight for a longer 
time than would be the case with screwed joints. Ammonia-tight 
flange joints can ho made by the insertion of a common gasket, and 
with flanges adapted for the use of sheet packing of the kinds used 



Fig. 170.—Flange Coupling or Union for Lead Gasket. 
Veitical Central Section. 


for stearneand hydraulic joints, but in the latter case it is preferable to 
employ flanges having on one of their faces a circular raised rib or 
fillet A, and in the other face a corresponding groove or recess, as 
shown in Fig. 174. 



Figa. 171 and 172.—Frick Coupling or Union for Large Pipes. 
Vertical Central Section and Knd View. 


Fig. 175 shows a De La Vergne soldered pipe joint-socket or 
elbow for ammonia pipes. Fig. 176 is a return socket bend. Kg. 177 
is a flange bend or elbow for gasket joint. Figs. 178 and 179 is a side 
view, partly in elevation, and an end view of the Frick evaporating 
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Fig. 173.—Frick Coupling or Fig. 174.—Flange Coupling or 

Union for Small Pipes. Verti- Union for Sheet Packing. Eleva- 

cal Central Section. tioii partly in Central Section. 




Fig. 175.—lx- Ltt Vergiie Soldered Pipe Joint, Bend, or K11 k)w. 
Vertical Central Section. 



Fig. 17h.—Return Socket Rend. Fig. 177.—Flange Bend or Klbow. 
Vertical Central Section. Vertical Central Section. 
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for stearneand hydraulic joints, but in the latter case it is preferable to 
employ flanges having on one of their faces a circular raised rib or 
fillet A, and in the other face a corresponding groove or recess, as 
shown in Fig. 174. 



Figa. 171 and 172.—Frick Coupling or Union for Large Pipes. 

Vertical Central Section and Knd View. 

Fig. 175 shows a De La Vergne soldered pipe joint-socket or 
elbow for ammonia pipes. Fig. 176 is a return socket bend. Kg. 177 
is a flange bend or elbow for gasket joint. Figs. 178 and 179 is a side 
view, partly in elevation, and an end view of the Frick evaporating 
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bend serving to clamp them together. The illustrations are for the 
most part sufficiently clear, and require but little explanation. 



Fig. 182.—Hetuni Bend i’ornied in Fig. 183.—Return Bend formed in 
hulves. Side Elevation. halves. Vertical Central Section. 


, By the use of electric welding makers are now enabled to provide 
long continuous coils of pipe and so for the most part dispense with 
the use of joints in awkward places. 

Means fob Increasing Cooling Surfaces of Pipes. 

Fig. 184 is a perspective view of a disc or gill which is formed in 
halves, one of which is shown removed in Fig. 186. The two halves 



Figs. 184 and 185.—Discs or Gills for Increasing the Surface of 
Refrigerating Pipes. View showing Gill fixed in position on Pipe, 
and View showing one-half of Gill removed. 
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or parts of the disc are adapted to be secured together upon the 
pipe by means of iron clips which press them against the pipe. 
These discs are fixed at regular intervals upon the cooling or re¬ 
frigerating pipes in the cold stores or chambers, after they are all put 
up, and, according to the inventors, their effect is to increase the. 
cooling surface to such an extent that only one foot of pipe is found 
requisite where four would be necessary without them. These remov¬ 
able discs or gills are made by Messrs De La Vergne & Co. 

Mr B. Lebrun, of Nimy, Belgium, also makes a pattern of cooling 
pipe with gills or flanges. These pipes are of cast iron, and the gills 
or flanges are formed therewith. Tie Maquet gilled piping is made 
by Mr H. R. Witting, of 9 Southampton Street, London. Several 
other arrangements on the same principle have been devised for 
increasing the surface of cooling or refrigerating pipes. 



CHAPTER XTI 


]IEFRIGERATI0N AND COLD STORAGE 

Uofrigeration by moans of tlic Cold-Air Machine—RofriKeration by means of Co»i- 
prOBsion or Absorption Machines—The Brine Circulation System—Tlie 
Ilirect Expansion System—The Cold-Air Blast System- -Piping for Cold 
S^orea. 

The knowledge of the conservative action of cold upon organic sub¬ 
stances is probably as old as the existence of human beings, and has 
been constantly utilised to preserve from putrefaction various alimen- 
ti'xy substances. 

Attempts have for many years been made to pnaluce a refrigerated 
atmosphere by means of ice, but the results obtained are far f^om satis¬ 
factory, the atmosphere of the stores or chambers so cooled being as 
a rule saturated with moisture from the melting ice, and the moat 
preserved therein assuming a more or less musty and disagreeable 
flavour. The possibility, however, of successfully keeping meat in 
artificially cooled stores or chambers dates only from the invention of 
Charles Tellier’s machine and brine circulating .system in 1873, by 
which he was enabled to create a cold dry atmosphei-e, wherein organic 
substances could he maintained constantly at that temperature which 
is found to be . preservative. Mechanical refrigeration is therefore, it 
will be seen, an art of. comparatively modern origin. 

For the preservation of meat, machines working upon the com¬ 
pression system, the absorption system, and cold-air machines are 
employedt 

In freezing carcasses for transportation, the cold is best applied 
gradually at first, so as to ensure an even freezing throughout, and 
, prevent damage to the inner portions of the meat by the freezing of 
the external surfaces thereof before the internal heat is sufficiently 
lowered. When frozen or congealed a temperature of at least as low 
as 18’ Fahr. should be maintained.' For cooling ships’ holds, cold 
stores or chambers, and other similar purposes, temperatures varying 
from 16° to 66° Fahr. are requiied, in accordance with the material 
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being dealt with, an even temperature in every part being absolutely 
necessary. When freezing carcasses they must be hung at such dis¬ 
tance apart as to admit of a ready circulation of the cold air round 
them taking place; for storage for transportation, however, it is recom¬ 
mended to pack them as tightly together as possible, provided no 
injury through bruising be caused, and that a sufficient clearance or 
free space be left for the circulation of the cold air between the 
carcasses and the inner lining of the storage chamber. The tempera¬ 
ture of cold land stores or chambers for storing and preserving unfrozen 
meat need not be lower than 25° Fahr., but should not rise above 30° 
Fahr. When the meat is frozen, however, as it must be when it has to 
be kept for any length of time, it may advantageously be maintained 
at as low a temperature as 15° Fahr. 

The atmosphere of cold stores in some instances should be kept os 
dry as practicable; whilst in others a certain amount of moisture is 
desirable, as, for in.stance, when used for preserving fish, eggs, and 
cheese, which are injured by the air being too dry. For preserving 
meat for comparatively short periods the best temperature is from 
30° to 40" Fabr., as most descriptions are injured to a greater or 
less extent if permitted to freeze, by the bursting of the vesicles of 
which fl( 3 h is composed. When, however, it is required to be pre¬ 
served for a longer period than, say, three weeks it is absolutely 
essential that the meat should be frozen, otherwise a slight decom¬ 
position will take place, and it will become greatly deteriorated. 

When a cold-air machine is employed for refrigeration, the cold 
air is, as a rule, admitted to the freezing room, cold storage chamber, 
or chill room . hrough ducts placed near the ceiling, and after it has 
done its duty is conducted back again to the compressor, wherein, 
after being mixed with a sufficient amount of fresh air, it is again 
compressed. 

The n list advantageous method of conveying the cold air from the 
machine to the chill room or cold store or chamber is by means of 
wooden trunks or conduits discharging into the latter through an inlet 
situated at or near the ceiling at one extremity thereof, the used or 
spent air beiifg withdrawn through a similarly situated outlet and con¬ 
duit at the other extremity. All abrupt rises or falls or bends in the 
air trunks •■should ue avoided, and their length should not be excessive, 
as the loss experienced through the rise in temperature of the air in 
the latter case would be very considerable. The extreme limit of 
distance to which' it is advisable to convey the cold air through these 
conduits is 200 feet. 
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When carcasses are to be congealed, the temperature of the freezing 
chamber or room should be maintained at about 10° Fahr.; as has 
been already stated, however, the cold should on no account be applied 
too rapidly at starting, but gradually, so that the internal heat may 
be first sufficiently reduced, to avoid injury to that portion of the meat, 
before the outer surface becomes frozen. 

For after preservation of frozen meat it is sufficient to keep the 
atmosphere of the chamber or store down to a temperature of about 
16° or 18° Fahr.; it should not, however, be allowed to rise above 
20° Fahr. 


Rkfrigekation by Means op Cold-Air Machines. 

According to Colonel B. H. Martindale, C.B., K.E., the general 
manager of the London and St Katherine Dock Co., in 1886 they 
had fifty-six refrigerating chambers in two vaults, the smallest of 
which chambers had a cubic content of 2,273 ft., and the largest 
thereof of 9,280 ft., the total content of the fifty-six chambers being 
something over 183,000 cub. ft. Tlie carcasses of the sheep averaged 
in weight 66, 60, and 72 lbs. each; and the whole of the^chambers 
completely filled would contain about 69,000 sheep of the first weight, 
66,000 of the second, and 44,000 of the third; in practice, however, 
a space or clearance had to be left for gangways, and for separating 
different marks, for which a deduction had to be made from the total 
storage capacity, and taking the shipments as they chanced to arrive, 
the above space was equal to the storing of the carcasses of about 
44,000 sheep. 

The cold-air machines employed in connection with the fifty-six 
chambers in question comprised four Haslam 60,000 cub. ft. machines, 
and three Hall 30,000 cub. ft. machines, supplied with steam from 
three multitubular boilers of the marine type, and four boilers of the 
locomotive type, the fonner having been found in practice to be the 
best. Ohe of the Haslam 60,000 cub. ft. machines worked on fifteen 
chambers, having a total capacity of 48,000 cub. ft., and capable' of 
storing 11,000 carcasses of sheep averaging in weight 72 lbs. each, but 
* which storage capacity was reduced by gangways, <kc., to between 
8,000 and 9,000. The engine was kept running twenty hours out 
of every twenty-four, the stoppage including the time required for 
clearing the snow from the valve?, snow boxes, and air-trunks. The 
average speed was eighty revolutions per minute, at an air pressure of 
44 lbs. per square inch, giving a temperature of - 70° in the snow 
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boxes, and keeping the temperature of the chambers down to from 
15° to 18° Fahr, which was found in practice to be about the best 
temperature to keep the meat at. Better results were obtained in 
proportion to the fuel con.suined, by working at an air pressure of 
about • 44 lbs. per square inch, instead of 50 lbs. and upwards; not 
giving such a low temperature in the snow boxes, but about - 50" 
Fahr. instead of -60" or - V0°, and delivering a larger volume of 
cold air into the chambers. The proportionate rise in temperature was 
then much less between tbc delivery from the expansion cjdinder and 
the distant chambers. Twenty-four chambers, with a capacity of 
90,000 cub. ft., were worked by two Haslam 60,000 cub. ft. machines, 
running at an average of seventy revolutions per minute, with an air 
pressun; of 40 lbs. per square inch, the temperature in the snow box 
lieing - 55” Fahr. 

The atmosphere of the chamber next the machine could, as a rule, 
be kept at a suHiciently low temperature with but little opening of 
the delivery ports in the air trunk.s, and almost without admitting air 
at all. as the mere passage of the air-trunks through it kept it nearly 
cool eri lugh. The greatest care was taken in regulating the delivery and 
return air-pr)rts or apertures, gradually increasing the area of both in 
proportioi. to the increased distance from the machine; the greatest 
distance to which the cold air was ermveyed being 180 ft. 

The practical result of llic observations taken, which extended over 
■some time, was that the lise of temperature in travelling was T Fahr. 
for every IS or 20 ft. travelled; but this, of course, must not be taken 
for more than the result arrived at from general working under 
existing conditions. It was likewise found that from 1 to 1| cub. ft. 
of cold air per hour would keep cool -say at 18" Fahr.—1 cub. ft. of 
storage at a distance not exceeding 180 ft., or, say, at an average 
distance of 90 ft. from the machine. The first amount named, viz., 
1 cub. ft. if cold ail per hour to each cubic foot of storage, was the 
result arrived at during temperate weather, and this, it is estimated, 
would most probably be amply sufficient were the chambers fully 
stored with carcasses, and left entirely undisturbed; but as this is 
not possible in practice, an allowance has to bo made for the opening 
of doors for the purpose of deliveries and so on; and the second 
amount, 01 ' 1 J cub. ft. of air per hour for every cubic foot of storage that 
it was desired to keep down to, say, 18° Fahr., was found to be about 
correct for general practice. 

The coal consumption was stated to be for three machines, giving 
out nominally 120,000 cub. ft. of air (one 60,000 cub. ft. and two 
18 
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30,000 cub. ft. machines), tons of coal in twenty hours; and 
two 60,000 cub. ft. machines, working under practically similar con¬ 
ditions, had a like consumption. The coal used was ordinary Welsh 
coal, costing about 16s. 6d. per ton. 

The London and India Docks Co., when the extensions now in 
progress are completed, will have refrigerated accommodation capable 
of receiving 550,000 sheep. The extension consists of twelve cold 
chambers on three floors. 

Rkfkioeratiok 1!y Means of Compression ok Absorption 
Machines. 

When refrigerating machines wherein the cooling is effected by 
the evaporation of a volatile liquid are employed, the refrigeration can 
be conveniently eflected in three ways, viz,;— 

First, by cooling a non-congealable salt brine, and then pumping 
it through a system of pipes, or of open troughs in the chambers. 
-Secondly, by causing a current of air, generated by means of a fan 
or otherwise, to impinge against surfaces reduced to a low tempera¬ 
ture by the expansion of the refrigerating agent itself, or by an internal 
circulation of cooled brine, and conducting the cold air to the refri 
gerating chambers. And thirdly, by expanding the gas direct through 
pipes placed in the chambers. 

The main advantage claimed for the first of these plans is that it 
admits of the machine being stopped, and when an independent brine 
pump is employed, the brine, wherein a large reserve of cold is stored 
up, can be continued in cii’oulation for a considerable time before any 
thawing from rise of temperature and consequently dripping will take 
place from the pipes. 

The Brine Circulation System 

The agent employed in the brine circulating system consists of a 
solution* of chloride of sodium or common salt* or of chloride of 
calcium,* chloride of magnesium, or any other suitable solution capable 
of standing very low temperatures without congealing. To extract or 
absorb the heat from the brine, the simplest and best method is 
undoubtedly that most commonly employed, which consists in passing 
it through a tank of ample dimensions fitted with suitable coils of pipes, 
througli which the eliilled liquefied ether, carbonic acid, ammonia, or 
other vcfiatile refrigerating agent, cii-culates, vaporises or gasifies, ex- 
* For proportions, fto., of these solutions, see p. 632. 
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panels, and subseejnently returns therefrom in the form of 'a gas or 
vapour to tlie ejompressor, in one system; and in the other, in the form 
of a strong solution to the generator. An expansion valve or cock, 
such as one of those illustrated in Pigs. 140 to 149 (pages 246 to 262), 
is fitted to the inlet ends of the submerged coils. The brine, being 
thus deprived of a large portion of its heat, is then drawn away from 
this refrigerating or cooling tank or vessel by the brine circulating 
pump, and is forced through the system of cooling pipes in the 
refrigerating chamber or cold store. 

The arrangement of the cooling pipes in cold stores for preserving 
provisions of a perishable nature requiring to be kept at various tem¬ 
peratures between 25° and 45° Fahr., in accordance with the descrip¬ 
tion and nature of the provisions, or of those in chambers for freezing 
or congealing meat and keeping it frozen, which require to be main¬ 
tained at temperatures of between 10° and 18° Fahr., according to 
the work demanded, only dilTer from other installations in the par¬ 
ticular disposition and number.s of the pipes, the chambers intended 
for the latter purpose being, of course, fitted with the greatest number. 


Thk liiRECT Expansion Systism. 

When the direct expansion system is in use the pipes should 
invariably bo of wrought iron, and oven whore the li.ine circulating 
system is employed they should preferably also be of the latter material 
in the case of freezing chambers, us the heat from the chambers 
passes more readily through the thinner walls of the smaller wrought- 
iron pipes. Hcsides which there is, as lias been already mentioned 
elsewhere, a considerable saving of .ipacc. 

One advantage of this system is that a more economical and rapid 
cooling i:. effected than with the brine circulation; another is the simpli¬ 
fication of the apparatus and the reduction in the first cost thereof. 
To counterbalance which advantages, however, there is the danger to 
human life, of damage to the contents of the refrigerating chambers, 
and of fire, ijhoulil any leakage of the gas or vapour from the cooling 
pipes take place, and also the impossibility of shutting down the machine 
even for a few minutes without the cooling pipes commencing to drip. 

As regards damage to the contents of the rooms or chambers 
reason of an escape of the refrigerating agent, however, carbonic acid 
is known to be non-injuriou-s, and. as regards ammonia the fears of 
any deterioration in the quality of fresh meat which is being frozen or 
pieserved, resulting from any accidental leakage of the pipes, would 



276 REFRIGERATION AND COLD STORAGE. 


seem to be totally groundless, judging from the results of recent 
practice, and the opinion of experts. 

On this head the following extract from an article published in 
the Scientific American in 1889 is of interest;— 

“ Some years ago Dr B. W. Richardson, in a communication to 
the Medical Society, called attention to the antiputrescent properties 
of ammonia, and showed that blood, milk, and other alterable liquids 
could be preserved for a long time by adding to them certain quantities 
of solution of ammonia; and solid substance.s, such as flesh, by keeping 
them in closed vessels filled with ammonia gas. yome doubts that 
would appear to have been raised as to the results reported, on the 
ground that ammonia was itself a product of decomposition, induced 
Dr Gottbrecht, of the University of Greifswald, to repeat the experi¬ 
ments with the result of practically confirming all Dr Hichard.son’s 
statements. After some ])reliminary experiments, in which animal 
matter placed in 5 per cent, of ammonia solution was found free from 
■putrescence after nearly two years, ammonium carbonate was used in place 
of the free alkali for the sake of convenience. The first experiment 
made with the washed intestines of freshly killed pigs showed the 
power of ammonium carbonate to retard putrefaction to be directly 
dependent upon the concentration of the .solution, a 1 per cent, 
solution retarding it until the third day, a 10 per cent, solution until 
about the sixtieth day. When added to gelatine in which putrefaction 
had already been set up by inoculation, it was found that a 5 per cent, 
solution so modified the conditions that the putrescence ceased, and 
a per cent, solution inhibited the development of bacteria, so that 
the liquefaction of the gelatine was practically stopped. Other experi¬ 
ments showed that in an atmosphere impregnated with ammonium 
carbonate meat could be kept for six months, and at the end of that 
time remain nearly unaltered.” 

When chambers are refrigerated on the direct expansion system 
it is nevertheless essential that the system of pipes employed, which 
can be arranged on any of the plans adopted in the case of brine 
circulation, should be such as to reduce as far as practicable to a 
minimum the chance of leakage taking place at the Joints, cooks, 
valves, ifeo., as, ipdependently altogether of any pos.sible damage to 
the contents of the stores or chambers, it is highly desirable, for 
economical rea-sons, that as little as possible of the circulating agent 
be lost. Various gae-tight joints.have been already briefly described 
in a previous chapter. 

Ammonia, both in a liquid and gaseous condition, has no chemical 
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effect whatever upon iron, consequently tlio e(H)linf' pipes require no 
protection exccpi upon the exhirior, which should receive a coat of 
paint every year to prevent them from rusting. 

So long, however, as the pipes are coated with snow or ice no 
corrosion will take place, even externally, as they arc thoroughly pro¬ 
tected thereby from the oxidising effect of the atmosphere ; when, how¬ 
ever, they are subjech'd to alternate freezing and thawing, as is irsually 
the case during actual woi'k, when the chambers or stores are alternately 
in and out of use, tlnm they must be protected as above mentioned. 



t'i,;. ISfi.- ]>i,>graiii showing the Variation in Capacity, &c., of a 
Kefiigcrating Machine. 


There is not the lea.st doubt but that the direct expansion system 
is, as has been Irefore mentioned, more economical than the brine circu¬ 
lation system. This will be obvious when it is remembered that every 
transmi^ision 1 n heat must of neces.sity entail a lo.ss of efficiency, A for 
higher evaporating pressure can be maintained in direct pipes than in 
evaporating coils in a brine tank, whilst at the same time they have 
still within them a far lower temperature than in the latter. The 
result of this is that, in the compression system, the gas is sucked into 
the compressor at n greater back pressure when direct expansion is 
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employed, and a far larger amount of efficiency is obtained. The 
cold, moreover, being produced exactly where it is required, there is 
practically no waste. 

The diagram. Fig. 186, and the following table, show the variations 
in capacity, (fee., of a refrigerating machine, and the economy of direct 
expansion, as drawn up by the De La Vergne Co. 

In the above diagram the line marked “capacity of machine” 
shows the diminished capacity as the back pressure is reduced. If 
the machine has a capacity of 10 tons at a return pressure of 28 
lbs., as shown by the vertical height of the curve, it has a capacity 
of 5 tons only with a return pressure of 6 lbs. Under the same 
circum-stances the cost of fuel per ton is increased in the I’atio of 
the vertical heights to the curve marked “ cost of fuel,” namely, from 
14'5 to 25. In other words the cost per ton is nearly doubled while 
the capacity is halved. The work as seen by the curve marked “work 
required ” diminishes very slowly. 


Cubic Furt of Ammonia Gas per Minute to pboduck One Ton 
OF Rf.fbigeeation per Day. 

CONDF-NSER. 




P 

103 

115 

127 

139 

153 

168 

18S 

200 

2i8 


p 

t 

65° 

70° 

75 ° 

80° 

85 ° 

90° 

95 ° 

100” 

105° 


4 

m 

5-84 

5-9 

6'96 

6'03 

6'00 

6-6 

6-23 

6'.30 

6-43 


6 

-15° 

5-35 

5-4 

5-46 

5-52 

5-58 

5-64 

6'70 

5-77 

5-83 

g 

9 

-10" 

4'66 

4-73 

4-76 

4-81 

4'80 

4*91 

4-97 

5-05 

S'OS 


1.^ 

- 6° 

4'09 

4-12 

4-17 

4-21 

4-25 

4'30 

4-35 

4-40 

4.44 

m 

16 

0° 

3-59 

3'63 

3-66 

3-70 

3-74 

3-78 

3-83 

3-87 

3-91 

I 

20 

5° 

3-20 

3-24 

3-27 

3-30 

3-34 

3-38 

3-41 

3'45 

3-49 


24 

10° 

2-87 

29 

2-93 

2'96 

2'99 

3-02 

3-06 

3-09 

312 



15° 

2-59 

2-61 

2'66 

2'68 

2-71 

2-73 

2'76 

2-80 

2-82 


ifel 

20° 

2-31 

2-34 

2'.36 

2-38 

2-41 

2-44 

2-46 

2-49 

2-51 


39 

25° 

2-06 

2-08 

2-10 

2'12 

2-15 

2-17 

2 ' 20 ’ 

2-22 

2'24 



30° 

1-85 

1-87 

1-89 

1-91 

1-93 

1-95 

1'97 

2-00 

2-01 


51 

35° 

1-70 

1'72 

1'74 

1-76 

1-77 

1-79 

1-81 

1-83 

1-85 


This shows very plainly the economy of direct expansion. The 
amm onia in the ooils of the brine tank must be cooled below the brine 
or the directly expanded ammonia. If the difference be 10“, say-5° 
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instead of 1.5”. then the capotdty of the machine is reduced in tlie ratio 
of 10 to 8 or 20 per cent., and the cost for fuel increased in the ratio 
of from li’f) to 17‘5 or 20 per cent. 

These are physical facts which cannot te explained away, and the 
economy of direct expansion in practice over both brine and air 
circulation is usually greati'r than the diagram and table illustrates. 

In the brine system, on the other hand, the large refrigerating 
or cooling tank is exposed to the atraospliere, and even when insulated 
as perfectly as possible, a considerable amount of heat is unavoidably 
absorbed, which is, of course, a total loss; considerable fuel con¬ 
sumption is moreover required in the brine circulation system, for 
the power consumer! in pumping the large quantities of brine through 
the. system of pipes in the refrigerating chambere or cold stores, -which 
pipes sometimes run to many thousands of feet in length, and thus give 
rise to a large amount of friction ; and besides, after being in use for 
some time, they may become internally coated with rust, and with a 
slimy deposit, which not only produces a considerable increase in the 
amount of the friction to be overcome in driving the brine through 
them, but furthermore forms a sort of non-conducting coating, and 
lessens, to an appreciable extent, the heat absorbing qualities of the 
system. Altogether it is not improbable that the entire loss through 
the additional consumption of fuel entailed from all the above causes 
does not, in many instances, fall far below 25 per cent, of the entire 
amount. 


Cold-Air Blast Svstem. 

Apparatus is also in use which is so arranged that the refrigerating 
coils or pipes are placed in a separate compartment connected with the 
refrigerding chambers or cold stores, and air, having been cooled in 
the first, is passed into the latter, the circulation being kept up by 
means of a fan or blower. The refrigerated air is sometimes first 
washed and freed from snow by passing it through a shower of cold 
brine, and'dried by exposing it to the absorbent action of calcium 
chloride or other hygroscopic material. This arrangement is possessed 
of one of the advantages derived from the use of cold-air machines, 
viz., that every part of the apparatus is situated externally to the 
refrigerating chamber or cold store, and consequently accessible at all 
times. Dripping from the refrigerating pipes when the machine is 
stopped for a short time, and the temperature of the chamber or store 
rises slightly, is also avoided. 
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On the other hanil, liowever, there is a considerable loss by reason 
of the absorption of heat by the cold air on its way from one chamber 
to the other; an increased consumption of fuel, owing to the power 
required to work the fan or blowei’ for keeping up the air circulation; 
and finally the los.s of po.ssibly valuable space taken up by the chamber 
required for the purpose of cooling the air. 

Tire plan wherein air, refrigerated by contact with brine-cooled 
surfaces, in.stead of by direct expansion, is passed into the chambers or 
stores, is evidently still more costly inasmuch as there are not only the 
loisses entailed from the above-mentioned sources, but, furthermore, 
that caused by another transmtsKion of heat. 


PIPING FOR COLD STOKES. 

Amount op HF.piiioF.RATiON Requikf.d. 

The refrigeration required will l)e governed by the .size of the store, 
the amount of and fre([uency with which the goods are brought into 
the store and removed from it, the temperature of the goods, and their 
specific heat, the mean external temperat ure, the greater' or lesser 
perfection of the insulation, and various other matters, which render it 
totally impossible to lay down any hard and fast rules. 

A very usual practice is to provide 1 ft. run of 2-in. pipe for 
every 7 cub. ft. of space contained in the store, but sometimes 
the proportion used is as much as one to five, whilst again it is occa¬ 
sionally reduced to one to twelve. Por refrigerating meat, in which 
case it is not de,sirable to cool the exterior too rapidly before the 
interior has had time to cool to a (jertain extent, the best proportion 
to employ is oik! to t(m. 

Amount of Refriuekating Pipes Nbckssaby foe Chiluno, 
Storage, and Freezing Chamber.s. 

Vhilliitg liootm or Chambers, refrigerated on the direct expansion 
system, 1-ft. run of 2-iu. piping for each 14 cub. ft. of .space; on the 
brine-circulation system, 1 ft. run of 2-in, piping for each 8 cub. ft. of 
space. 

• Freezing Rooms or CAamJers," refrigerated on the direct expansion 
system, 1-ft. run of 2-in. piping for each 8 cub. ft. of space; on the 
brine-circulation system, 1-ft. run for each 3 cub. ft. of space. , 

Storage Rooms or Chambers, refrigerated on the direct expansion 



PIPING FOR COLD STORP:S. 


281 

system, l-ft. run of 2-in. piping for eaoli 45 cub. ft. of space; on the 
brine-circulation system, l-ft. run of •2-in. piping for each 15 cub. ft. 
of space. 


Extkemb Limits of Gubic Feet of Space per runnino foot 
OF 2-in. PlPlNO. 

These are given in the following table :— 


lirework's.—Modiiini insulation - 


Chip and stock rooms ... 

.. lto22 

Fermenting and settling iNHiins .. 

... 

Packing-T’otmiR 

... 1 „ 18 

Hop-rooms 

. . 1 „ 

Packing House- 

Chill-rooms for beef 

... 1 „ 12 

Hogs... 

... 1 „ 10 

Freezing-rooms 

... 1 ,, (i or 7 

Cold i^torago— 

Cold storage rooms 

... l„26or.‘tn 

Cold stopage house and freezing-rooms ... 

... 1 „ s 

For eggs, brine jiv forred 

... 1 „ 12 

Oftld storage ... 

... 1 ,,2.5 

loe storage 

... 1 „ 20 

Fish freezing (direct expansion) 

... 1 „ 2 

Cubic Feet of Space per running toot 

OF 2-IN. Pipe 

Direct Expansion.* 

P'ermenting and s(‘t.tling nioms 

... Ito20 

Packing-rooms ... 

... 1 „ 18 

Hop-rooms 

... 1 ,,25 

Por packing house in cliill-rooms for beef ... 

... 1 „ 12 

T!ic same room fur hogs ... 

... 1 „ 10 

The freezing-rooms 

... 1 „ Bor 7 

Cold storage ro< ims 

... 1 „ ‘25 „ .SO 

Under cold storage houses tlie freezing-rooms 

... 1 „ 8 

Cold storage for eggs 

... 1 „ 12 

General cold storage 

... 1 „ 26 

Ice storage 

... 1 „20 

Fish freezing, about 

... 1 2 


* The following five tables are given by Professor Siebel in tbe 
“ Compend of Mechanical Refrigeration.” 


Otto Luhr, Amerieat! Sremn’ liemw. 
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Lineal Feet of 1-in. Pipino kequieed per Cubic Foot of 
Cold Stoeaoe Space. 


Size of 
Building in 
Cubic 

more or less. 

Insulation. 

TEMPKRATURK, 

DEGREES FAHR. 

0° 

10* 

20* 

80“ 

w 

60* 

100 

Excellent 

3-0 

1-78 

0-48 

0-36 

0-24 

0*15 


Poor 

60 

1-.50 

0-90 

0-66 

0-48 

0-30 

1,000 

Excellent 

1-0 

026 

016 

0-12 

0-08 

0-05 


Poor 

2-0 

0'60 

0-30 

0-22 

0-16 

0-10 

10.000 

Excellent 

O'fil 

016 

0-10 

0-075 

0-055 

0-0.85 


Pf)or 

12 

0-.83 

0-20 

1-15 

0-11 

0-07 

.80,000 

Excellent 

0 5 

0-1.8 

0-08 

0-06 

0-040 

0-025 


Poor 

10 

0-25 

0-15 

0-11 

0-03 

0-05 

100,000 

Excellent 

0*38 

0-10 

0-06 

0-045 

0-03 

0-009 


Poor 

075 

0-20 

012 

0-09 

0-06 

0-018 


Note. —The above quantities of pipe refer to direct expansion, and should be 
made one and on»-half times to twice the length for brine circulation. I’o find 
the corresponding lengths of 1^-in. pipe divide by 1 *25 or multiply by 0*8; of 
2-in. pipe divide by 1'08 or multiply by 0’55. ' 


Numbee of Cubic Feet covered by 1 ft. of 1-in. Ieon Pipe. 


Size of 
Building in 
Cubic I^t 
more or le»t. 

ln<iulation. 

TEMPERATURE, DEGREES FAHR. 

0° 

10“ 

20* 

80* 

40* 

50* 

100 

Excellent 

0-3 

1-3 

2-1 

2-8 

42 

7-0 


Poor ' - . . 

0-16 

0-7 

1-1 

1-6 

2-1 

.8-5 

1,000 

Excellent 

1-0 

4-0 

6-0 

8-4 

12-4 

20-0 


Poor 

0-5 

2-0 

3-2 

4-5 

62 

10-0 

10,060 

Excellent 

1-7 

6-0 

10-0 

13-0 

18-0 

28-0 


Poor 

0-85 

3-0 

5-0 

6-5 

9-0 

,14-0 

30,000 

Excellent 

2-0 

8-0 

14-0 

18-0 

25-0 

40-0 


Poor 

1-0 

4-0 

7-0 

9-0. 

13-0 

20-0 

100,000 

Excellent 

2-6 

10-0 

17-0 

22-0 

.83-0 

110-0 


Poor 

1-3 

5-0 

8-5 

11-0 

17-0 

66-0 


Note.—T he above figures refer to direct expansion: from one half to two-thiids 
of the spaces only would be covered by the same amount of pipe in case of brine 
oiroulation. To find the corresponding amounts of cubic feet of space which would 
be Covered by one lineal foot of IJ-in. pipe, multiply by 125 or divide by 0'8; 
of 2-in. pipe,.multiply by Id® or divid byO'66. 












PIPING FOR COLD STORES. 


'83 


Numbbr of Cubic Feet covebbd by i-ton Rbpriobkatino 
Capacity por Twbnty-koub Hours. 


Size of 


TEMPERATURF 

, DEGREES FAHR. 

Building in 

1 1 • 







Cubic Feet 








more or less. 


0 * 

10 ‘ 

20 ° 

80 ’ 

40 ° 

50 ' 

100 

Excellent - 

150 

600 

800 

1,000 

1,600 

.3,000 


Poor • 

70 

300 

400 

600 

900 

2,000 

1,(KKI 

Excellent • 

iiOO 

2,500 

3,000 

4,000 

6,000 

12,000 


I’oor - 

250 

1,600 

1,800 

2,500 

5,000 

10,000 

10,(KH) 

Excellent • 

700 

3,000 

4,000 

6,000 

9,000 

18,1)00 


Poor • 

300 

1,800 

2,500 

3,500 

7,000 

14,000 

30,000 

Excellent - 

1,000 

5,000 

6,000 

8,000 

1.3,000 

25,000 


Poor • 

600 

3,000 

3,600 

6,000 

11,000 

20,000 

100,000 

Excellent • 

;,500 

7,500 

9,000 

14,000 

20,000 

40,000 


Prjor ■ 

800 

4,50(1 

5,000 

H.OOO 

16,000 

35,000 




Reprkieratino Capacity in B.T.U. rkouired per Cubic Foot op 
Storage Room in Twenty-four Hours. 




TEMPERATURE, DEGREES FAHR. 


Insulation. 







Cubic feet, 
more or le&s. 

0° 

10' 

80 

80 

40* 

»• 


100 

Excellent 

1,800 

480 

360 

284 

180 

95 


Poor 

4,000 

960 

480 

470 

330 

140 

1,000 

Excellent 

650 

110 

95 

70 

47 

24 

Poor 

1,100 

190 

166 

110 

56 

28 

10,000 

Excellent 

400 

96 

70 

47 

.30 

16 

Poor 

900 

160 

110 

81 

40 

20 

30,000 

Excellent 

280 

55 

47 

35 

22 

11 

Poor 

650 

95 

81 

55 

26 

14 

100,00CP 

Excellent 

190 

38 

30 

20 

14 

7 

Poor 

350 

63 

55 

36 

18 

4 
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CHAPTER VII 


THE (lOMPllESSrON PROCESS {cvntiimrd} 


Properties of Ether—Modern Ether Maehines—Pi'operties of Methyl Chloride- 
Methyl Chloride Machines—Properties of Kulphurous Acid—Sulphurous Acid 
Machines—Properties of Carbonic Acid—Carbonic Acid Machines. 

Pbopeuties op Ethek, and Ethek Machines. 


|o, is a colourless liquid of gretit mobility, and 


Ether, 

C2H5 

of a strong and peculiar ethereal smell. Ether is lighter than water, 
having a specific gravity 0‘736, and it is not miscible with the latter 
liquid. Tlie boiling point of ether is 34-5°, and its vapour is thirty- 
seven times heavier than hydrogen. Ether burns with a luminous 
flame, and explodes when it is mixed with air, Tlie specific heat of 
lujuid ether is 0'51. 

The advantages and disadvantages of ether as an agent or medium 
have alfeady been touched upon (pages 43 and 44), but they may be 
here recapitulated. 

The great feature of ether is that it possesses the quality of working 
with a low pressure in the condenser, an advantage of considerable 
imj)ortance in very warm clunates, as the efficiency of a low-pressure 
ether machine does not fall off appreciably, even when the condensing 
water attains to a comparatively high temperature. This is also 
advantageous by reason of the low condenser pressure—not exceeding 
from 7 to 10 lbs. per square inch, even in the hottest climates—being 
favourable to the maintenance of tight joints, and the consequent 
economy of ttie chemicals. This low working pressure and the great 
simplicity of all the working parts renders this class of machine, 
moreover, comparatively easy to manage. 

On the other hand, the large size of the compressor required, about 
seventeen times that of an ammonia compressor of the same capacity, 
is objectionable, both by reason of first cost of the machine and the 
space occupied by it. Another serious objection is the highly inflam¬ 
mable nature of ether, pwing to its low boiling point great precautions > 
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are necessary to avoid explosions when using this .substance, hy reason 
of the vapour iMicoiuing mixed with air. 

All formula and rules intended for use with ammohia compressors 
are equally applicable to ether compre.ssurH, except, .however, tliat it 
must bn noted that the specific heat of the .s.aturated vapour of ether 
is positive, and that consequently it will superheat during expan.sion, 
and will condense during compression. This ipiality renders it un- 



Fig. tki.--itelt-drivon Horizontal Typo West Ether Compression Machine. 


necessary to make any provision against superheating, and an etlier 
compressor is invariably worked with dry vapour. 

The ether machines of Twining, Harrison, Tellier, Siebe Gorman 
iSi Co., and Bella Beffa, have been already briefly alluded to on pages 
37 to 42. In Fig. 62 is illustrated' a modern standard type of ether 
machine constructed by H. J. West & Co., Ltd., London, which the 
company now supply for use in tropical countries. A commercially 
successful ether compression machine for ‘the manufacture of ice 
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in large quantities was built by Mr Henry J. West, the founder of 
this firm, in the yeai' 1859, and the manufacture of inaohine.s of this 
type has been continued successfully up to the present day. The 
machine shown in the illustration (whiclr is intondinl to be belt-driven) 
is of the horizontal tyj>o, and is arranged with the condenser on one 
side, and an ice-making tank upon the other. 

In the larger pattern of ether machines made by the firm, having 
a capacity of fi’om 12 cwt. of ice daily and upwards, the other com¬ 
pressor is pliwed on the .same bed-plate as the steam e.ngine, and is 
connected tandernwise to the engine piston rod. The motion work 
of these machines is of sutliciently massive construction, and all 
wearing surfaces are of ainpl(! proportions, each bearing, moreover, 
being provided with an automatic lubricator. 

An ether compres.sion machine not being called upon to withstana 
the .same high pre.s,sure.s as a carbonic acid machine, or even an 
ammonia machine (the working pressure of an other machine being 
only about 7 lbs. to 10 lbs. per square inch above that of the 
atmosphere), the same strength of construction is not demanded, 
and the design is very considerably simplified. The difficulty of 
making and maintaining tight joints is a comparatively easy matter, 
the pressure under which ether evaporates in the refrigerator being 
lower than that of the external atmosphere, but a very slight tendency 
exists towards hiakage at the gland of an ether compressoi*. Any 
leakage^ moreover, of air that may occur into the ether machine 
through faulty packing or joints, merely causes a slight accumulation 
of pressure in the condenser, which can be easily relieved by means of 
a valve provided for the purpose. 

As ether possesses no affinity for the constituents of the atmosphere, 
there is consequently no danger of decomposition taking place, and the 
formation- of acids or gases that may act injuriously on the interior 
surfaces of the machine, as is the case with sulphurous acid, which, 
under like conditions, decomposes and forms sulphuric acid. 

A quality possessed by ether is that it is in a liquid state at the 
ordinary atnibspheric pressure, and at the usual atmospheric tempera¬ 
tures, so that it can be drawn out of, the plant at any time and stored 
in drums.* This fact renders ether an especially suitable agent or 
medium for use in portable refrigerating and ice-making plants, con¬ 
sequently, machines working on' the low-pressure ether anhydride 
process are those most usually chosen foi' military purposes, and such 
machines were successfully us^ by the British (government for military 
operations and field hospital work in the Abyssinian War in 1868, the 
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Ashantee Campaign in 1874, the military operations in Egypt in 1883, 
the Ashantee Campaign of 1895, the Soudan Campaign of 1896-97, and 
the last protracted and unfortunate war in South Africa. 


Pbopbbtibs of Methyl Chi.okidb, and Methyl Chlokidk Machines. 

Another very low-pressure agent or medium is methyl chloride 
(CHjCl), which is obtained as a colourless gas which condenses at -20° 
Fahr. Methyl chloride is formed by acting upon methyl alcohol with 
hydrochloric or muriatic acid, or with phosphorus pentachloride, and 
is also obtained, together with other substances, by the action of 
chlorine upon marsh gas. 

Machines operating with methyl chloride as an agent are manu¬ 
factured by Messrs Douane, of Paris. As the pressure used with this 
agent does not exceed 10 lbs. per square inch above that of the 
atmosphere, the same remarks apply to methyl chloride compressors as 
\to ether compressors, and the construction is practically identical. 
The condenser and evaporator tubes of the methyl chloride machines 
made by Messrs Douane are all covered with electro-deposited copper. 

In Fig. 63 is illustrated in vertical central section a compression 
machine, designed by Mr M. E. Douane. In this machine the cooler 
or refrigerator is shown on the left-hand side of the drawing. There 
is a hollow standard surmounted by a single-acting cylinder, the top of 
which has valves for suction and discharge. The space above the 
discharge valve communicates with a coil leading by a tube to the stop¬ 
cock serving for the admission of the refrigerating liquid in the cooler. 
The chamber underneath the suction valve communicates by a pipe 
with the outlet of vapour from the cooler. A gauge screwed upon a 
nozzle shows the pressure in the cooler. The piston of the compressor 
is worked by a rod and crankshaft which passes through a stuffing box 
in the side of the hollow standard. 


Properties of Sulphohods Acid, and SulPhdrous Acid Machines. 

Sulphurous acid or sulphur dioxide (SOj) is a gas obtained by the 
burning of sulphur, as has been already mentioned on page 44. 
Sulphurous acid has a molecular weight of 65, and a density of 32. 
The specific heat of liquid sulphurous acid is '41 (water = 1). The 
critical pressure is 79 atmospheres, and the critical temperature 312" 
Fahr. The specific gravity of the gaseous acid is 2-211 (air=l), arid 
the speciflo gravity of the liquid at a temperature of -4" Fahr. is 1'4I1. 



THE COMPRESSION PROCESS OR SYSTEM. 121 

Andreef gives the following formula for expressing the relation of 
the specific gravity » of the liquid to the temperature t 

s = 1-4333 - 0-00277i - 0-000000271 < 2 . 

Sulphurous acid or sulphur dioxide possesses the advantage of being 
liquefiable at a comparatively low temperature, and machines adapted 
to use this agent or medium, whilst not operating at anything like as 
low a pressure as ether or methyl chloride machines, still work at a 
very much lower one than ammonia machines, with condensing water 



Fig. fiS.- S'liigle Acling Inclosed Type Dimane Methyl Chloride Compressor. 

Vertical Central Soethm. 

at normal temperature, the pressure being ordy from about 36-76 to 
44 lbs. per square inch. Sulphur dioxide posse-ssos certain lubricating 
qualities, consequently compressors using this agent require no extra 
lubrication. 

Sulphur dioxide is liable to form sulphuric acid on exposure to the 
air,' and cause corrosion—iron Ireing the metal chiefly acted upon, and 
gun-me,tal or copper being tolerably immune against attack. Conse- 
quentiy it is necessary- to take great precautions against the presence 
of any leaky joints in thft apparatus. 
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This comparativoly low working pressure, and consequent corre¬ 
spondingly low temperature of compression, admits of machines using 



Fig. 64. -Belt-driven Double-Acting Vertical Type Quid Sulphurous 
Acid Conipms^iun Machine. 


this agent working without superheating, and with ilry vapour. This 
latter is not practicable in the case of macSiines working with either 
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ammonia or carbonic acid, in both of which superheating is impos-sible 
—especially so in the case of carbonic acid- -on account of the overheat¬ 
ing of the pistoii and stuiling box that would occur, and consequently 
all these latter machines work more or less on the wet system, and a 
small portion of the work of evaporation, which ought to take place 
in the refrigerator exclusively, has to be effected in the compressor. 

A number of difl’eront patterns of machines adapted to work with 
sulphur dioxide are made by tjuiri & Co., Schiltigheim, Alsace. The 
smallest type of machine made by this firm, which is shown in Fig. 



Fig. ()5.—Belt-driven Double-Acting Horizontal Typo Quiri .Sulphurous 
Acid Compressor. 

64, has a vertical compressor, the cylinder being bolted to the lower 
head which is formed in one piece with the guides, the latter, as well 
as the crankshaft journals, being cast together with the condenser. 
The compressor is of the double-acting type, and is provided with 
valves of» phosphor bronze, with steel spindles. These machines are 
made in sizes of from 4| cwt. to 12 cwt. ice-making capacity per 
twenty-four hpurs. 

The larger sizes of machines are of the double-acting horizontal 
pattern, and are arranged either for belt or rope drive, or are direct 
coupled to a steam enginS. 
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The belt-driven compressors consist either of a single cylinder 
double-acting pump, such as that shown in Fig. 65, which is of re¬ 
markably simple construction, or of two practically similar pumps, 
laterally coupled, that is to say, arranged side by side, and having a 
single crankshaft with two end cranks, and a central fly wheel between 
the two compressors adapted for a rope drive. 

In another arrangement, intended for rope driving, two similar com¬ 
pressors are mounted in line upon the ends of a single bed plate. Both 
the piston rods of the compressor cylinders are in this case coupled 
through their connecting rods to the same crankpin upon a crank at 
the end of a crankshaft supported in a bearing upon the bed plate, and 
in an outside bearing in a suitable pedestal. Upon this crankshaft 
Ja a fly-wheel, grooved for rope driving. This machine may be coupled 
to a Sulzer steam engine. 

One pattern of steam-driven compressor consists of a compressor 
practically similar to that shown in Fig. 58, laterally coupled to a steam 
engine with slide valve motion, in a similar manner to the two pumps 
above mentioned. 

These anhydrous sulphuric acid compressors are each connected 
with a condenser, either of the submerged or immersion type, or, 
in cases where condensing water is scarce, with a condenser of the 
atmospheric evaporative type, and with a refrigerator, and the entire 
refrigoiiiting apparatus consists of these parts solely, no oil-pumps, 
oil-separators, rectifying apparatus, or other accessories, suth as are 
required with ammonia and carbonic acid machines, being necessary. 
Tliis fact obviously enables anhydrous sulphuric acid machines to be 
very much simplified in construction, and renders their successful 
working a far easier matter to accomplish, as the manipulation of the 
above apparati is (.roublesome, and to an unskilled attendant presents 
many serious difiiculties. This system is one, therefore, which should 
most undoubtedly be advantageous for small machines intended for 
use iu hotels, creameries, dairies, and in private houses, and by 
butchers, fishmongers, &c., and in other places where the machine is 
left to the care of a comparatively unskilled person. 

A very small and remarkably compact belt-driven anhydrous sulphur 
dioxide or sulphurous acid machine, designed and patented by Messrs 
Douglas & Conroy, and manufactured by W. Douglas & Sons, Ltd., 
Putney, London, S.W., is shown in Figs. 66 to 69. Instead of the 
compressor being mounted vertically upon the side of the condenser, 
as it is in the small machine previously described, it is, it wjill' be 
seen, placed horizontally upon the top of tli6 condenser, and is of the 
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inclosed type, consisting of two single-acting horizontal cylinders, 
arranged in line, the pistons being operated hy a crank working in a 
box. The arrangement will bo readily understoofl from the general 
view of the apparatus shown in Fig. 66, upon which for convenience the 
various parts are marked, and from the various other views. Fig. 67 



being a plan of the compressor, Fig. 68 a vertical section on the 
line A-B,- Fig. 67, and Fig. 69 being a vertical section on the line o-d, 
Fig. 67. 

The compressor is of the single-acting duplex inclosed ty]^, and 
consists of two cylinders arranged in the same line axially, united by 
a central casing forming the crank chamber, and mounted on a bracket 
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on one side of the upper part of the condenser. The sides of the 
chamber are clo,sed by jras tiirht covers in one of which is provided 
a stuffing box and gland through which passes the crankshaft. The 
outer portion of the crankshaft is supported in a bearing in a pedestal 
carried upon another bracket provided upon the opposite side of the 
upper part of the condenser, and tliis shaft has mounted upon its 
outer end the fast and loose driving pulleys, and on the inner end, 
within th(! central crank box or chand)er, a disc crank. 


c 



Fig. 67.—Belt.driven Horizontal Inclosed Type Douglas-Conroy Sulphurous 
Acid Compression Machine. Plan of Compressor. 


The two pistons working in the pump cylinders are rigidly fastened 
together by means of a rectangular frame or plate secured between 
them by bolts. The result of this arrangement is that the pistons 
Aot as a continuous guide, being entirely free from lateral thrusts, and 
):he usual guides are thus dispensed with, thereby considerably simpli¬ 
fying the conetruction. The pin of the crank disc works in a slot 
provided in the central rectangular frame or plate connecting -the 
pistons. This admits of a pause at the epd of each stroke, wdiich is 
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odvantageoua inasmuch as it gives the valve.s time to reseat themselves 
properly before the commencement of tlie return .stroke. 

Pour valves "are provided, two at eiich exti'cmity of the duplex- 
pump cylinders, viz., one for compre-ssion and the other for suction, 
and each pair of similar valves i.s united into one pipe by means of a 



Fig. 68.—Belt-driven Horizontal Inclosed Typo Douglas-Conroy Sulphurous 
Acid Compression Machine. Section on line A-n, Fig. 67. 


tee connecting piece. The central crank box or chamber is kept 
partially full of oil, so that the working parts are immersed in an oil 
bath and have the most perfect lubrication. 

The condenser consists of a cast-iron tank and serves as a pedestal 
to support the compressor# In this tank is placed a coil of wrought- 
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iron pipe tested to a pressure of 500 lbs. per square inch, and welded 
into one piece without joints, in which coil the sulphurous acid gas 
ds liquefied by the pressure from the compressor aided by the cold 
water circulating in tlu! tank. 



The evaporator or refrigerator consists of a suitable tank having 
a coil submerged in brine, and when the machine is used in connection 
with a cold room or store this evaporator tank is formed of galvanised 
iron, and of rectangular shape, and is placed directly in the room or 
store to be cooled. 
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Fig. 70 shows a horiamtal typo o£ lielt-diiven HumVmldt sulphurous 
acid or sulphur dioxide compression machine. A feature of this 
machine is that the cylinder is jacketed, no cooling of the piston rod 
being provided. The general design of the machine, which is made by 
the British Humboldt Engineering Co., Ltd., London, will be seen 
from the illustration. 

Amongst other firms manufacturing sulphurous anhydride com¬ 
pression machines mention may te made of the following:—A. Borsig, 
Tegel, bei Berlin, Germany; The Rjioul Pictet Company, of Paris; 
Delion ife Lepen of Pre St Gervais, Paris; the Soci^te Genevoise de 
Construction, of Geneva; and Thomas Tlis, Sabroo & Co., Ltd., 
Aarhus, Denmark. 

Propbuities op Carbonic Acid, and Carbonic Acid Machines. 

Carbon dioxide, or, as it is commonly called, carbonic acid (OOj), 
has a molecular weight of 44, aiu’ a density of 22. Carbon dioxide is 
invariably formed when carbon is burned in an excess of air or oxygen. 
The best method of preparation is by acting upon marble, chalk, or 
other form of calcium carbonate with hydrochloric or muriatic acid. 
Carbon 'dioxide occurs freo in air, and in the water of some mineral 
springs, the quantity of the gas present in air being about 4 volumes 
per 10,000 volumes of air. As carbon dioxide is evolved in respira¬ 
tion and .by the burning of coal-gas, (fee., it is always present in larger 
quantities in dwelling-houses than in the open air. Carbon dioxide 
gas is also given off during the process of fermentation, and is found in 
the bottom of old wells, (fee. 

The advantages to be gained by the use of this agent or medium 
are : non-inflammability, high specific gravity, thus rendering its heat 
of vaporisation for a given volume much higher than that of ammonia; 
and non-corrosive action on copper, which latter quality is of special 
advantage in marine refrigerating installations. The objections to its 
use have been already gone into in a previous chapter. 

A simple and at the same time effective way to test the purity of 
liquefied carbonic acid is to solidify it, in which condition the slightest 
impurity can be instantly detected by smelling. A ready method of 
effecting this solidification is given by the Carbonic Acid Gas Com¬ 
pany, London, as followsPlace the tube on a box or chair in a 
horizontal position, tightly fasten a small linen or canvas bag (4 to 6 
in. square) over the nozzle of the tube, and open the valve fully. 
The acid will then stream out with full force, become solid inside the 

9 
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bag, and remain in that state for liours, evaporating only very slowly, 
and showing a temporatur(^ of about 200" Fahr. below freezing point.” 

Carbon dioxide machines hlive already been dealt with on pages 
45 to 47, where brief descriptions of the original machines of Wind- 



Fig. 71.—Belt-driven Vertical Type Hall Carbonic Acid 
Compression Machine. 


hausen and Lowe will be found. 4s will be found there mentioned the 
Windhausen machine has been greatly improved by J. & B. Hall, Ltd., 
of Hartford, Kent, the proprietors of the original patents, who have 
been largely instrumentaWn introducing this system all over the world. 
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Figs. 71 to 77 illustrate a siiiall, exceedingly compact and well- 
designod belt-driven carlxmic anhydride machine made by the above 
firm. The design of this machine is, it will be seen, both simple 
and compact, and as the use of this agent admits of a very small size 
of compressor being employed relatively to the work perfornied, the 



Fig. 72.—Belldriven Vertical Type Hall Carbonic Acid Compression Machine. 

Sectional View. 

' whole mstchine occupies but little space. The general arrangement of 
the machine will be readily understood from the sectional view, Fig. 72, 
in .which c is the compressor vertically mounted, as shown, on the side 
' of the condenser tank or casing r, the latter being fitted with coil e. 
n is the evaporator casing fitted with an evaporator coil t, and arrang^ 
inside the condenser r, so that its lower part i i surrounded by the Wttar, 
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the condenser coils e occupying the annular clearance or space round 
the evaporator^ and the evaporator casing n forming an insulated divi¬ 
sion between the condenser casing r and the eva))orator coils 1. o is the 
regulating or expansion valve or cock, and g and }> arc respectively the 
condenser and evaporator gauges, s is the separator, r is a patent 
safety valve, o is a patent hollow oil gland for preventing leakage 
taking place round the compressor piston I'od. co is the connecting 
rod, s is the crankshaft, n the driving jiulley, and u the brine circu¬ 
lating pump. 



Figs. and 74.—Itelt-dnven Vertical Type Hall Carbonic Acid Compression 

Machine. Cross Section and Vertical Central Section through Cylinder. 

It will be seen that the machine consists essentially of a circular or 
rectangular cast-iron tank r carrying the compressor c, inside which 
tank are the hondenser coils e, and inside these again is a double tank 
n, with insulation between and the evaporating coils t in the centre. 

The compressor cylinder c, which is shown in vertical longitudinal 
section in Fig. 74, and in transverse or cross section looking on back 
end in Pig. 73, is cast in a special hard bronze for these small-sized 
machines, by which means the two essentials of soundness and hardness 
are ensured, and the auction and delivery valves are identical for 
facilities of interchange. The compressor piston rod gland 0 is kept 
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gas-tight by means of two cupped leathers on the compressor rod, as 
clearly shown in Fig. 74. A special oil is forced into the space between 
these two cup leathers at a pressure above the greatest pressure liable 
to occur in the compressor, so that whatever leakage takes place at the 
gland is a leakage of this special oil, either into the compressor cylinder, 
or out into the atmosphere, and there can be no leakage of the gas. 
What slight leakage of the special oil takes place into the compressor 
cylinder is advantageous, inasmuch as it serves both to lubricate the 

compressor and to fill up all clear¬ 
ances. 

If the gland should require pack¬ 
ing, and no cup leathers lie available, 
the special ring shown in Fig. 07 maj* 
be used with ordinary packing {see 
chapter on “Management,” &c.). 

Tlie loss of oil from the lubricator 
due to leakages is replaced by means 
of a small hand pump, a few strokes 
of which will be required to be made 
evciy four or five hours whilst the 
ma(;hine is at work, as may be indi¬ 
cated by the position of the piston 
i-od of the pressure lubricator. 

'I’ho oil passing into the com- 
ja-essor cylinder servos the purpose, 
as above mentioned, of filling up the 
clearance spaces, and any surplus 
Fig. 75.-Belt-driven Vertical above what is required for this pur- 
Type Hall Carbonic Acid Compres- pese wilt be discharged with the gas 
sion Machine. Vertical Section through the delivery valves. In 
through Spiral Packing Ring. order to prevent the oil discharged 

with the gas from passing into the 
condenser coils, all the gas is delivered into the separators wherein'it is 
made to impinge against the sides of tlie vessel, and the oH adhering to 
> the latter drains to the bottom, and is drawn off from time to time as 
occasion may require, whilst the compressed gas passes off by an 
opening at the top on its way to the condenser. In the suction passage 
is fitted a suitable copper strainer as shown in Fig. 76. 

The condenser consists of coils e, of wrought-iron hydraulic pipe, 
usually of yJ in. bore, which in the subinerged or immersed ,type 
employed m the present example are placed in the tank r, and 
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surrounded with water. The coils are electrically welded together into 
such lengths as.to avoid the presence of any joints inside the tank. 

The evaporator or refrigerator consists of an insulated tank n, 
containing nests of coils I, also formed of long lengths of electrically 



'''ig. 70.—Belt-driven Vortical Type Hall Carbonic Acid Compression Machine. 
Vertical Central Section through Suction Passage. 


welded wrought-iron hydraulic pipes within which the carbonic 
anhydride evaporates. The heat required for evaporation is obtained 
from the brine surrounding the pipes. A regulating or expansion 
valve 0 placed between the (xmdonser coils c and the evaporator coils t 
admits of the quantity of liquid carbonic anhydride 
passing from the condenser being suitably regulated. 

To enable the compressor c to be opened up for 
e.xamination of the valves and piston without loss 
of carbonic anhydride, stop-valves are fitted on the 
auction and deliveiy sides, by means of which the 
carbonic*anhydride can be coniined to the condenser 
and evaporator. 

As the machine might he again started, after 
being thus shut down, without the delivery valve 
being opened, which would lead to an excessive 
pressure in the delivery pipe, owing to there being ^ 
no outlet from the latter, and probably result in the driven Vertical 
fracture of this pipe, a safety valve P is provided. Type Hall Car- 

This safety valve, which is shown in vertical central bonic Acid Corn- 

section, drawn to an enlarged scale, in Fig. 77, con- press'o” Ma 
sists, it wiir be seen, of an ordinary spring safety Section 

valve, at the base of which is a thin copper disc -A, through Bafety 
which is designed to relieve any excessive pressure, Valve, 
considerably below that to which the machines are 
test^. The disc is made perfectly gas-tight, an object which it would 
not be possible to obtain by means of the spring safety valve alone, 
and this latter only comes into action upon the rupture of the gopper 
disc A. 
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Great care has necessarily to be exercised in making these copper 
discs, so as to guard against variations in strength, due to any 
differences either in the thickness or hardness of the copper sheets out 
of which the discs are made. 

About IJ brake horse-power is required to drive this smallest size 
self-contained vertical type of machine. 

A horizontal single-cylinder double-acting Hall carbonic anhydride 
steam-driven compressor, side by side pattern, is shown in Fig. 78. 
This type of compressor is arranged with the compressor and single 
steam cylinder side by side, both connected up to the same shaft. 
The machine is especially made for ice-making plants in which clear 
ice is made from distilled water. The machine .shown in the illustra¬ 
tion has a capacity of 60 tons of ice per day. 

Pig. 79 illustrates a horizontal duplex Hall carbonic anhydride 
machine, fitted with compound steam cylinders arranged side by side, 
and with a surface or jet steam condenser located in the front part of 
the machine. The two compressors are, it will be seen, driven by tail 
rods from the steam cylinders, and the cranks of the latter are placed 
at right angles to each other, thereby ensuring an even turning 
movement. • 

Each compres.sor cylinder is arranged to deliver the compresse<l 
carbonic acid or carbonic anhydride into an independent condenser 
consisting of coils of pipe, in which the compressed carbonic anhydride 
is condensed into a liquid form by the cooling water circulatiiig round 
the pipes, the coils of pipes being contained in a steel casing through 
which the water is circulated. A separate evaporator or refrigerator 
is provided in connection with each of the above-mentioned condensers, 
this evaporator consisting of coils of pipes, in which the liquid carbonic 
anhydride evaporates, and during this process cools the brine surround¬ 
ing these coils. 

Figs. 80 and 81 show two of the most recent patterns of Hall 
carbonic acid compressors. The vertical belt-driven type shown in 
Fig. 80 is constructed in sizes of 1 to 5 tons ice-making capacity. ' The 
horizontal type illustrated in Fig. 81 is constructed in sizes of 6 tons 
ice-making capacity and upwards. 

The general construction of the above machines is clearly shown in 
the illustrations. The vertical machines of up to 2 tons ice-making 
capacity, however, are fitted with-the Hall standard double-acting 
hard bronze CO.^ compressors. The larger vertical machines and the 
whole of the horizontal machines are provided with double-acting, OOj 
compressors, each cut from a solid ingot of Special high carbon steel, 
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,nd all sizes are provided with patent oil sealed glands and pressure 
ubricators. The compressor pistons are fitted with hydraulic leathers 
Hid the glands on the standard machines each contain two hydraulic 
eathers, the gland being kept tight by the oil from the pressure 
ubricator. In special cases, or for tropical work, however, the 
iiachincs are frequently fitted with the Hall patent metallic gland 



Pig, 80.—Vertical Type of Belt-drivou Hall Carbonic Acid Compressor. 

Mo.st Recent Pattern. 

packing, still reteiniug the pressure lubricator, and with metallic 
piston rin^s. 

The compressor suction and delivery valves are made interchange¬ 
able, and each are provided with-separate and interchangeable valve 
seats. The valves and seats are made of special hard steel, and are 
so arranged that they can readily be withdrawn or replaced without 
disturbing any of the connections. As shown in the illustrations’ 



Fig. 81.—Horizontal Type of Belt-driven Hall Carbonic Acid Compressor. Most Recent Pattern. 
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both vertical and horizontal machine.s have the open type flat slipper 
guide, which gives much gieater accessibility. All bearing surfaces 



Fig. 82.—Vertical Type of Steanulriven West Caiiionic Acid Compreasion 
Machine. 

are of ample size to ensure satisfactory and continuous working over 
long periods, “ 
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■Fig. 82 illustrates a steam-driven vertical carbonic anhydride 
machine, built by H. J. West & Co., Ltd., Ijondon. Tliis type of 
machine is made in various sizes, from No. 1 machine of 3 cwt. 
ice-making capacity per twenty-four hours, up to the No. 8 machine 
of 2 tons ice-making capacity per twenty-four hours, the smaller sizes 



Fig. (is.—Vertical Type West Carbonic Acid Compression Machine. Vertical 
Central Section through Compressor Cylinder. 

being belt-driven. The amount of condensing water at 55° Fahr. 
required for the smaller size is 48 gals, per hour, and that for the 
larger 400 gals, per hour. 

The arrangement of this type of Vertical compressor is very neat and 
oompact. A rigid girder-shaped vertical cast-iron frame carries the com¬ 
pressor and motion work, and the perfect alignment of the pistcn rod 
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and crosshead is secured by borin}; the pump seat and guide channel in 
one operation. The condenser, which is of the -submerged type, is placed 
behind the compressor, and is coupled directly to it by an extension of 
the wrought-iron coil without any intermediate pipes or joints. 

These small machines have compressor tylindera cast from a special 
bronze alloy, combining the requi.site strength and soundness, and 
finishing to a perfectly hard, smooth surface for the pi.ston rings to 
work on. 



Fig. 84.—Vortical Type West. Carbonic Acid Compression Machine. Vertical 
Central Section through Valve. Enlarged Scale. 

The construction of the compressor will be readily understood from 
the vertical central section shown in Fig. 83. The suction and delivery 
valves are made exactly alike, and of the same size for the purpose of 
interchangeability, so that one spare valve will replace either. The 
valve, whfth is shown in central section, drawn to a greatly enlarged 
scale in Pig. 84, is made of tempered steel, and beats upon a hard 
phosphor bronze seat, forming a perfectly gas-tight joint when closed. 
Another point is that the weight of the valve is reduced to a minimum, 
and the lift is under one-gighth of an inch, so that it has no tendency 
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to hammer itself to pieces. The method of forming a gas-tight joint 
round the piston rod is shown in Pig. 83 and is, it will be seen, 
practically similar to that employed in Messrs Hall’s carbonic acid 
compressor. Two capped hydraulic ram leathers are placed face to 
face upon the rod about 3 in. apart, the space between them being 
filled with oil, which is fed in from the small lubricator shown on 
the left-hand side of the illustration. The oil bath which surrounds 
the rod both effectively stops all leakage of gas, and, at the same time, 
serves to lubricate the piston rod and cylinder, and to fill up the 
clearance spaces. The surplus oil passing through the compressor is 
trapped in an oil .separator, from which it can be removed as desired. 

A dead weight safety valve is fitted to all these compressors, except 
the very smallest size, and is set to blow off a little above the highest 
working pressure of the machine. The design and construction of this 
little machine is good, the bearings have liberal wearing surfaces, and 
are adjustable, thus reducing wear and tear to a minimum, and tending 
to prevent any noise when running. Special attention is paid to the 
lubrication of the working parts, every bearing and working surface 
is provided with an automatic lubricator, which feeds ju.st sufficient 
oil to maintain the surfaces in proper working condition, and no more, 
thus preventing or greatly reducing dirt, waste, and the tenclency to 
hot bearings. 

A standard pattern of belt-driven horizontal carbonic anhydride 
compressor is also made by the same firm. The steam-driven horizontal 
compressor is arranged tandemwise to the steam engine cylinder, and 
the compressor piston rod is coupled to a tail rod on the steam piston. 
Steam-driven horizontal compressors are also made of the duplex type, 
coupled direct to compound or triple expansion condensing steam 
engines, and so arranged that one-half the plant, consisting of com¬ 
pressor, condenser, and evaporator, may be disconnected for overhauling 
or repairs, whilst the other half continues in operation. 

Machines of 6 tons ice-making capacity and over are fitted with 
compressors bored out of a solid steel forging, by which both soundness 
and strength of material is secured, and furthermore, a hard, smooth, 
glassy surface for the piston rings and cup leathers to work upon. 

Kroeschell Brothers Ice-Making Co., of Chicago, Ill., U.S., manu¬ 
facture carbonic anhydride machines of both vertical and horizontal 
patterns, the former being that used for the smaller sizes of machines, 
and 'the latter for the larger ones. 

Fig. 86 shows a front view of a small vertical belt-driven machine,, 
of J ton ice-making capacity per twenty-four hours, and requiring, 
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1 H.P. for drivin" purpose.s. This type of machine is made in seven 
different sines, the bmallo.st being the above, and the largest having 
an ice-making capacity of 3 tons per twenty-four hours, and requiring 
12 H.P. Two vertical single-acting compriwsors are located inside 
the cast-iron condenser tank, which latter is mounted upon a frame 



Fig. .S,>.—Vei'tical type Belt-driven Kroesehell Carbonic Acid Compression 
Machine. 

consisting oi a box casting carrying the crankshaft and guides. The 
compressor cylinders are made of semi-steel, which secures the two 
essentials of soundness and hardness, and the piston rods are provided 
with a patent stuffing box sealed with glycerine. This device consists 
of cupped leathers on the^rompressor rod, into the spaces or chambers 
10 
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between which glycerine is forced at a pressure superior to the suction 
pressure in the compressor, so that any leakage at the stuffing box is 
,a leakage of glycerine, either into the compressor cylinder or out into 
the atmosphere, and not a leakage of gas. 

Obviously the leakage of glycerine into the compressor cylinder is 
an advantage, as it both serves to lubricate the piston and also to fill 
up all clearances. The glycerine is forced into the chambers by means 
of a hand pump, a few strokes of which are required to be made every 
four or five hours. Each cylinder has a suction and discharge valve, 
all of which are located at the top of a joint or common cylinder head, 
thus rendering them easily accessible. The valves are made of forged 
steel, and are so designed as to combine strength with lightness. On 
one side of the cylinder head is provided a filling valve, which can be 
easily connected by means of a short pipe with the ordinary drum of 
carbonic anhydride now in common use. Stop-valves are provided in 
the suction pipe as well as the condenser coil, so that the suction and dis¬ 
charge valves in the condenser coil can be examined without loss of gas. 

The condenser consists of a spiral coil made of extra strong iron 
pipe, surrounding the compi’essor, and is connected at one end with 
the discharge side of the latter, and at the other end with a combined 
separator and liquid receiver, placed at the back of the frame.” 

The crankshaft bearings are formed in the cast-iron frame support¬ 
ing the condenser tank, and the double-throw crankshaft actuates the 
compressor pistons by means of strong yokes, having guides at the 
lower side, thus enabling the long connections, such as connecting rods 
and crossheads, which would be otherwise necessary, to be dispensed 
with. Tlie double-throw crankshaft is made of forged steel, and is 
extended or overhanging at one side of the frame, so as to receive 
the fast and loose driving pulleys. 

The receiver coilsists of a strong wrought-iron cylinder, with a 
stop-vaJve located at the top, and a blow-off cock at the bottom, the 
latter admitting of the glycerine carried over from the cylinder being 
drawn 6ff. A gauge mounted upon a three-way valve, by mean? of 
which it can be caused to communicate either with the compressing 
or with' the suction side of the machine, is provided on the top of the 
' condenser tank. 

On the opposite side of the machine to the driving pulleys is 
provided, as will be seen in the drawing, a small hand pump, by the 
operation of which the cylinders can be lubricated. A safety valve 
is also provided to guard against possible accident through neglect or 
ignorance on the part of the attendant. 
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The larger sizes of vertical combined compressors and condensers 
are identical in design with the exception that they are fitted with 
connecting rods -and ci'cssheads instead of yokes, and these cioss- 
heads and connecting rods, as also the main bearing.s and the double¬ 
throw crankshaft, are all of extra strougtb, and have large wearing 
surfaces, and every provision is made in them, as in the smaller 
machine, for meeting any excess of regular <luty. All the machines 
are fitted with an automatic lubricating device. The machines are 
also built direct coupled with a vertical steam engine, or geared to an 
electric motor. 



Kig. 80.— Murizontal Type llelt-dnven Kroeschcll Carbonic Acid Compression 
Machine. 


The larger sizes of carbonic anhydride machines exmstructed by 
the firm are, as before intimated, of the horizontal pattern, and their 
standard sizes run from 2 tons ice-making capacity per twenty-four 
hours up to 60 ton ■ ice-making capacity per twenty-four hours, requiring 
respectively 8 H.P., and 120 H.P. for driving purposes. 

Pig. 86 shows a standard pattern of belt-driven Kroeschell hori¬ 
zontal double-acting compressor. The compressor cylinder is provided 
with a jacket through which the return gas passes, which arrangement 
it is claimed both impartj greater strength to the cylinder, and also' 
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keoJ)s it perfectly cool. I'lie piston rods, connecting rods, cranks, pins, 
and valves are made of forged steel, and the latter are made identical 
for facilities of interchange. 



Leakage round the compressor piston rod is prevented by an 
arrangement similar to that used on the small vertical type of machine, 
but instead of the hand pump, a belt-dri- eu pump operating con- 
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tinuously is pi'ovided for replacing the glycerine whiclt leaks out of the 
stuffing box. 

Slycerine which jmissps into the compressor beyond what i.s 
necessary to fill the clearance spaces is discliarged with the gas through 
the delivery valves. This glycerine is prevented from going into the 
system by a separator in which the glycerine drains to the bottom, and 
can be drawn off from time to time. As glycerine has no affinity for 
carbonic acid, and consequently undergoes no change in the machine, 
there is no chance of th<i condenser coils becoming clogged. 

The condenser consists of coils of wrought-iron extra heavy pipes 
so welded as to avoid any joints in the tank, and arranged either on 
the anbmerged or on the atmo.spheric or evaporativ(‘ principle. The 
evaporator also (smsists of similar coils f)f pipf's, a regulating or ex¬ 
pansion valve being provided between it and the condenser. The 
safety valve consists of a housing at the base of which is a tliin disc, 
calculated to blow off at a pressure considerably below that to which 
the machines are tested. The joints have .all special flange unions and 
brass bushings, and are made absolutely ga.s-tight with packing rings 
of vulcanised fibre which, whilst withstanding heat, have also .sufficient 
elasticity to ensure the tightness of the joint when either hot or cold. 

The firm also make belt or rope driven horizontal doubleacting 
double compressors arranged tandem-wise or in line, and driven from a 
crank on a central crankshaft. These machines are suitable for large 
installations. 

Fig. 87 illustrates a horizontal type of belt-driven Humboldt car¬ 
bonic acid compression machine. A feature in this machine is the 
facility with which the parts can be got at for inspection or repairs. 
The pre,ssure valve is fitted with a safety device which is connected 
with the suction channel. 

Fig. 88 shows a large duplex carbonic anhydride compressor built 
by the Haslam Foundry and Engineering Co., Ltd. 

A carbonic acid machine made by the Cochran Company, Ixjrain, 
Ohio, United Statn.s, is of the belt-driven vertical pattern, and the 
compressor cylinder is mounted upon a box-shaped or hollow bed-plate 
on which is placed the condenser, thus forming a very compact and 
neat arrangement, and lending itself to transport. 

A later design of machine by this company has the hollow or 
box pattern bed-plate extended, and is driven by a motor mounted 
upon the latter. 

A compact and well-designed horizontal type of carbonic acid 
compressor is made by the*Atlas Co., Ltd., Copenhagen, which firm 
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manufacture the refrif'eratinfi; machinery under the Schou patents, 
originally made by the Tuxen & Hanniierich Co, 

A recent deSgn of carbonic acid machine built by Mollet, Fontaine, 
et Cie, of Lille, France, consists of a single-acting compressor direct- 
driven by a horizontal steam engine. The arrangement for forming 
a gas-tight joint rounil the compressor piston I’od comprises a stuffing 
box having three compartments, the two outer ones being filled with 
glycerine, a small portion of which is drawn in by the rod into the 
inner box or compartment to act as a lubricant. One of these com¬ 
pressors was exhibited at the late Pari.s Exhibition in the French 
brewery .section. 

Another carbonic acid machine shown at the above Exhibition 
was one built by Escher, Wyss, et Cie, Switzerland. This machine 
comprises a single compressor cylinder fitted with cast-.steel valves on 
phosphor bronze .seats, and driven direct by a horizontal 50 H.P. 
steam engine. The capacity of the machine is 12 tons of ice per 
twenty-four hours. 

Thomas Ths. Sabroe ife Co., Ltd., Aarhus, Denmark, are manu¬ 
facturers of a vertical type of carbonic anhydride machine, which has 
the foundation plate of the compressor and the condenser cast in one 
piece, and all the parts made interchangeable. The general arrange¬ 
ment of the apparatus resembles that of Hall’s vertical pattern machine. 

Carbonic acid machines are also made by Wegelin & Hiibner, 
Ack-Ges;, Halle-on-Saale; D. Stewart & Co., Ltd., Glasgow; and 
others, whose machines the space at our disposal does not permit us 
to undertake to dea<!ribe here. 



CHAPTER VIII 


('ONDKNSEltS AN]) WATER COOLTNO AND 
SAV1N(] ARFARATUS 

Svibmorgofl Condenaera—Amount of Cttoliiig Water Required—Atmoaphorie or 
0)>en-Air Evaporative Sui'taee (ioiideuaera—Amount of Oondenaer Surface 
Required-Amount of Cooling Water Required -Supplementary Condenaera 
nr Korecoolera — Double-Pipe Condenaera — Hondriek'a Condenaer - Water 
Cooling and Saving Apparatus—W'ater Cooling I’owera. 

As has been already mentioned in tlie fifth chapter, one of the tliree 
essential parts of any compression machine is the, condenser, the 
function of which is to supplement the action of the compressor or 
pump. 

The condensers in most general use may be classified under two 
main heads, the submerged type of condenser and the atmospheric 
or open-air evaporative surface type of condenser, the first having 
always some arrangement of coils immersed or .submerged in a tank 
of cooling water, and the second invariably consisting of coils of pipe 
or tube exposed to the air, with water trickling over them. 

' Submerged Condeksers. 

The submejgod type of condenser is the only one applicable in 
some q^ses, as for instance in marine installations; it has, besides, 
certain specific advantages which will be next treated of, but it' may 
be premised that it consumes a large amount of cooling water, which, 
where water has to he paid for at a high figure, may amount to a 
serious item in the working expenses. The system, however, admits 
of the condenser being located in any part of the building, or in the 
open air, a.s may he desired, occupies comparatively little space, allows 
the cooling water to be admitted to the condenser at the bottom near 
the exit for the condensed gas, so that the water gradually rises .as it 
becomes warmer, until it is discharged at the top, whilst the warm 
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gas entering the condenser at the top-h(ui(ler, flows downward through 
the coils, and parting witlj its sensible and laUmt heat to the cooling 



water becomea liquid and drains away to the bottom-header. And, 
hnally, the submerged pipes in a condenser of this description remain 
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clean, and therefore in an efficient condition, much longer than they 
do when exposed. 

To secure the utmost efficiency of a condenser of the .submerged 
type it is absolutely necessary that the cooling water should be kept 
in a state of agitation by some .suitable means so as to prevent the 
formation and collection of a film of warm water round the pipes. 

Several condensers of the .submerged type have been already illus¬ 
trated, and briefly described, in connection with various compre.s8ion 
machines, in previous chapters. 

Fig. 89 shows in vertical central section a patent condenser of the 
submerged type, invented by Mr Leuig Chew, and manufactured by 
Messrs H. J. West (k Co., Ltd., Tjondon. 

’ ’ i 

The construction of this apparatus is almost sufficiently obvious 
from the drawing, and but little explanation is needed. A special 
feature is the automatic device for breaking up the above-mentioned 
film of warm water, and dispersing the air bubbles, thus bringing the 
cbld water into intimate contact with the surfaces of the pipe.s, and 
promoting the most complete interchange of heat. This device con¬ 
sists of a revolving agitator, fitted with helical blades, which is slowly 
and automatically rotated by a .small turbine fixed on the to^ of the 
condenser, and operated by the same water which is afterwards used 
to circulate through the condenser for cooling purposes. This arrange¬ 
ment offers the obvious advantage of saving the expenditure required 
for driving the agitator, as well as enabling the more or less complex 
arrangement of toothed gearing and belt pulleys, u.sed when it is 
driven in that manner, to be dispensed with. 

Compound submerged condensers are also constructed by some 
makers. In one arrangement of this description the hot gas from the 
compressor is first; passed into a primary condenser, consisting of a 
single coil of pipe submerged in a tank; the gas and liquid leaving this 
coil at the bottom is passed on to a secondary condenser, and is there 
delivered by a distributing head, or manifold inlet, to the tops of three 
coils submerged in a second tank located above the first one.' The 
cooling water is admitted to the bottom of the upper or secondary 
condenser tank, and is taken from the top of the latter to the bottom 
of the lower or primary condenser tank, and finally runs off by an 
overflow at the top of the latter. 

. In a better arrangement tha'n .the above the single-coil primary 
condenser, to which the hot gas from the compressor is first delivered, 
is' located on the top, and the secondary condenser with three cods 
to which the gas and liquid is next passed, ds placed below or under- 
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neatli tlie fornier. The coolinj^' water is, in thi.s arrangement, delivered 
simultaneously to the bottoms of both condensers, and is finally run 
off in a like manner at the tops of them. 

Fig. 90 shows a pattern of condenser patented by H. H. Schou, 
which is divided into two or more sections, connected so that the 
cross area of a section will bo suited to the state and feed of 
the cooling medium thei-ein. These separate coils are either of equal 
or different lengths, and may be arranged in several ways. In the 
foT'in shown in th(^ drawing the li(niefied agent enters the coil marked 
f, and as it evaporates passes through the coupling h, coils d, e, 
coupling i, and coils a, b, c, from which the gas is removed by the 


* 


pipe g. 

A type of condenser, patented by Mr T. B. Lightfoot in 1885, 
consists of coils or zigzag pipes, arranged with one or more zigzag 


passages between them, formed in a tank or vessel, 
the aiTangement being such that the water or re¬ 
frigerating medium enters the coils or zigzag pipes 
at the bottom, the vapour being drawn off by a 
pump at the top, whilst the fluid to be cooled enters 
the ta^k or vessel at the top of the tank, and after 
travelling along the whole length of each coil or 
zigzag, is drawn off at the bottom. 

The coils of pipe in a submergefl condenser 



Fig. 90.- 
Rchou’s Paten- 


usuallyconsist of IJ-in. to 2-in. pipe in one, or more Condenser. 


sections, preferably a number connected by -mani¬ 
fold inlets and outlets, .so that one or more of the sections may b( 


shut off for repairs, &c.. In some constructions the pipe at th( 
vapour inlet end is of larger dimensions, and arranged to taper dowi 
to the outlet end, the agent being there partially liquefied, anc 


occupying less space. 

The amount of condenser surface to be employed is best determine! 
by practice. According to Piofessor Siebel it has been found that fo. 
average cgnditions (incoming condenser water 70' and outgoing con 
denser water 80', more or less) for each ton of refrigerating capacity 
(or for ^ ton ice-making capacity) it will take 40 sq. ft. of condense: 
surface* which corresponds to 64 running feet of 2-in. pipe, or b 
90 running feet of 1^-in. pipe. Frequently 20 sq. ft. of condense 
surface, and even less, are allowed per ton of refrigeration (double tha 
for actual ice-making capacity), but this necessitates higher condense 
pressure, &c., and is deemed poor economy by many engineers. 

The Triumph Ice Machine Co. give for their ammonia condenser 
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about 120 ft. of 1 J-in. pipe, or 70 ft. of 2-in. pipo per ton. Thoy also 
recoinineml at least 20 in. clearance space l)etween the coils to admit 
of easy access to all parts; that the condenser should never exceed 
20 ft. in length; and that it should never be above sixteen pipes high. 

According to Professor Hiclxsl* again the number of S(juare feet of 
cooling surface f required in a submerged condenser may be ap|)roxi- 
mately calculated after the formula— 


F = - 


hk 




.Sfp ft., 


in which h is the heat of vaporisation of 1 lb. of ammonia at the 
temperature of the condenser, k the amount of ammonia passing the ^ 
compressor per minute, and m the, number of units of heat tran.sferred 
•per minute per square foot of surface of iron pipe, having saturated 
ammonia vapour in.side, and water outside, t represents the tempera¬ 
ture of the ammonia in tho coils, and that of the cooling water 
\putside of the coils, i.e., mean temperature of the inflowing and out 
flowing cooling water. Taking the figures already given as a guide, the 
factor TO is equal O'f), so that the formula reads— 


F = 


• h.k 


sq. ft. 


This formula, like others which have been given on this subject, i.s, 
it must be understood, an empirical or experimfmtal one. • 

Referring to amount of cooling water required, the same authority 
observes that the heat which is transferred to the ammonia whilst pro¬ 
ducing the refrigeration, and akso the heat equivalent to the work done 
upon the ammonia by the compressor (superheating being prevented), 
must be carried away by the cooling water, expressed in thermal 
units; and speaking theoretically, the sum of these two heat effects 
is equal to the heat of vaporisation of the ammonia at the temperature 
of the condenser. On the basis of this consideration, the amount of 
cooling water a, in pounds required per hour, may be expressed" by 
the formula— 


A,= 


h.k X 60 


lbs.. 


or in gallons after division by 8-33, the .signs having the same signifi¬ 
cance as in the foregoing formulas,' with the exception of t, which 
represents the actual temperature of the outgoing, and fj, which repre- 

* “Compendof Meolianioal Refrigeration,” H. 8. Rich & Co., Chicago, 1899. 



ATMOSPHERIC CONDENSERS. 


157 


sents the actual temperature of the incoming cooling wat(ir. Practically 
the amount of water used varies all the way from 3 to 7 gals, per 
minute per ton ice-making capacity in twenty-four hours. 

The following table, compiled by Mr Eugene T. Skinkle, gives tlie 
dimensions of submerged condensers of some plants in actual operation 
in the United States: — 


Dimensions op SuBMKU(iEi> Condknskus. 
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ATMospajiRic OR Open-air Evaporative Surface CondeNvSERb. 

In this class of condenser the lines of pipes or tubes through which 
the agent passers are so located as to be exposed to more or less con¬ 
stant currents of air, and generally, in addition to the latter, cooling 
water is caused to trickle over the pipes. The vaporised agent should 
prefeiubly be passed in this arrangement in an opposite direction to the 
cooling water. That is to say, it should be admitted at the bottom of 
the condenser, and in this case the liquid, as fast as it is formed, passes 
off to the side into a veitically-placed manifold. By this means the 
warm gas entering the condenser meets the warmer water, and the gas 
as it ascends in the condenser constantly meets colder water, until its 
temperature is nearly reduced to that of the water when it first comes 
in contact with the condenser pipes, liquefaction then taking place. 

Atmospherical condensers which are said to give excellent results 
are also formed of vertical sections of pipe, the compressed vapour 
l)eing delivered to eticli sf#:;tiou at the top from a common manifold or 
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distributing head, and discharging the liquid at the bottom into another 
common manifold or distributing head, which latter is connected with 
the liquid receiver. 

The ordinary form of atmo.spheric condenser is of very simple 
construction, and consists essentially of a stack of tubes placed in lines, 
with return bends and heads, and some water-distributing arrangement. 
Fig, 91 is a diagram showing a simple plan for distributing the water, 
which is self-explanatory. It will bo noted that the cooling water 
should pass through an exactly contrary sequence to that undergone 
by the compi'essed vapour, viz., during its downward course it should 



Fig. 91.—Diagram showing Simple Method of Distributing 
Water in Atmospheric Condenser. 

constantly meet warmer gas or vapour, and consequently be gradually 
increased in temperature until it finally leaves the condenser by the 
trough shown at the bottom. By means of this gradual extraction of 
heat the difference between the initial and final temperature of the 
water will be greater than could be obtained were the gas and the 
water to. flow in the same direction. In the De La Vergne, Eclipse, 
and other standard American condensers, the gas enters at the bottom, 
w^lst the cooling water is applied "at the top. 

In. Fig. 92 is a diagram showing a common arrangement for the dis¬ 
tribution of water, R indicating the water trough in transverse seqtion, 
and s the condenser tubes through which the, hot gas or vapour passes. 


















ATMOSPHERIC CONDENSERS. 


IS 9 

This arrangement, it will be seen, results in the water spattering to sUch 
an extent that partitions have to bo provided between and at the ends 
of the series of vertical coils. Fig, 93 shows diagrammatically a very 
simple plan, given in an American journal, for avoiding this objection¬ 
able spattering, which consists of a strip of metal or fln, T, which is 
attached to the underside of each of the condeustfr pipes or tubes s, and 
which serves to guide the water falling from the trough n quietly to the 
top of the pipe or tul)c below where the stream divides, one-half pass- 



rUi. 92.—Diagram sbowuig Objec¬ 
tions to Common Plan of Distribut¬ 
ing Water in Atmospheric Con¬ 
densers. 


Fig. 93. — Diagram showing 
Method of avoiding Spattering in 
Distributing Water in Atmospheric 
Condenser. 


ing down and round one side of the tube, and the other half down the 
other side of the tube as shown. 

Fig. W shows an arrangement adopted by some American and other 
makers for removing the liquefied agent fi-om the condenser, and 
delivering it into the storage tank,, as soon as formed. This is effected 
by the introduction of drip-pipes v, connected with, the return heads 
U of several of the coils of pipe or tube s, and with the storage tank 
or liquid receiver w, so « to draw off the liquid a't difEwent levek. 
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In' this manner the liquid formed near the top of the condenser at a 
lower temperature is pteventod from falling to the warmer lower coils, 
in which a reahsorption of a certain amount of heat would take place, 
with a resultant loss of work. 

Pig. 95 illustrates an open-air evaporative surface condenser, built 
by Messrs Haslam, of Derby, which is arranged to work upon the 
principles above enunciated, by which the greatest possible amount 
of efficiency is secured. The condenser shown is built in a nest of 
five sections, thus I'endering it more convenient for transport, and also 
admitting of easy access being had to 
all parts of the apparatus for repairs. 
Kach section is provided with indepen- 
de:it valves and cocks, .so that any 
particular .section may be shut off at 
any time if de.sire(l. 

Pig 96 shows the Haslam interlaced 
type of ammonia condenser. In this 
pattern each nest is composed of three 
independent coils of pipe welded into 
one continuous length. 'J’he ends of 
the three coils are connected to headers 
a,t the top and at bottom, thus making 
each nest complete in itself. Valves 
are provided to isolate each .nest, and 
these in turn are connected by headers, 
the number of nests being in accordance 
with the size of the machine. A slotted 
pipe is provided at the top of each nest 
to distribute the water, which in this 
tyj)e of condenser is generally circulated 
over and over again, being cooled by 
evaporation into the atmosphere. This 
type of condenser is useful where water is scarce, only a sihall 
quantity being required to make up the losses due to evaporation, 
wastage, (kc. 

In Pig. 97 is illustrated an atmospheric or open-air condenser made 
by the Triumph Ice Macliine Co., Cincinnati. This condenser is 
arranged in sections, and is so constructed as to permit of the ready 
removal of any pipe or fitting, without the necessity for shutting down 
the plant or losing any of the agent. The ap{)aratus has double, extra 
heavy, wiouglit iron pipe headers. 



Fig. 94.—Arraugement for 
Removing Liquefied Agent from 
Atmospheric Condenser. 
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The atmospheric condensers designed and manufactured by the 
Frefl. W. Wolf Co., of Chicago, has pipes made from selected skelp, 
with drop-forged Bessemer steel flanges screwed on to same whilst hot, 
thus admitting of its slirinking in place when cool. Galvanised iron 
troughs, fitted with a patent levelling device, are provided for distri¬ 
buting the cooling water, and perforated steel strips are secured 
between the pipes. An inlet and an outlet valve are fitted to each 
section, so that anyone of them can be emptied without interfering 
with the operation of the others. 



Fig. 95.—Haslam Atmospheric or Open-air Evaporative Surface Condenser. 


In Fig. 98 is illustrated an atmospheric or open-air evaporative 
surface condenser, built on Ban’s system, with either copper or iron 
pipes, by Quirr k Co., Schiltigheim, Alsace. The construction of this 
condenser will be reatlily understood from the engraving. 

Evapora,tive coiidensers are also cooled by artificial currents of air, 
propelled by a fan or blower, in which case a very powerful evaporation 
is established. Whether or not an arrangement of this description 
would prove to be an economical one, depends upon the temperature 
and cost of the cooling water procurable relatively to the cost of 
driving the fan. • 


II 
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Fig. 96—Haslam Interlaced Type of Ammonia Condenser. 
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Fig. 98.—Rau'n Atmospheric or Open-air Evaporative Surface Condenser 
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The amount of condensing surface for an open.air condenser is, 
according to Professor Siebel, 40 sq. ft. per ton of refrigerating 
capacity (or for one-half ton ice-making capacity), which amount is 
equivalent to 64 running feet of 2-in. pipe or to 90 running feet of 
l;J-in. pipe. 

The amount of cooling water requiied for an open-air or atmos¬ 
pheric condenser is upward of 50 per cent, less than that required for 
a submerged condenser, and if made of sufficient height, the same 
water may he used repeatedly in an open-air <5ondensor. 

The following table, compiled by Mr Eugene T. Skinkle, gives the 
dimensions of open-air or atmospheric condensers of some plants in 
actual operation in the United States 


Dimknsions of Opkk-aik or Atmosphuric! Condensrrs. 
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. StIPPI.F,MENTARV CONDENSERS OR FOREOOOLERS. 

An arrangement intended to create a saving of power and of 
cooling water is a supplementary condenser or forecodler consisting 
of one or more coils of pipe through which the hot compressed gas is 
caused to pass before entering the main condenser. Tliis supple- 
-mentary condenser is cooled by,the overflow water from the main 
condenser. When the supplementary condenser consists of one coil 
only it should be equal in size to the discharge pipe from the own- 
pressor. Should a series or number of toils be provided, hofreyer, 
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ttie manifold pipe and the aggregate area of the small pipe openings 
should be equal to that of the discharge pipe. 

Wbsterlin-Campbell and Haslam Dodblb-Pipb Condensers. 

The Westerlin-Campbell condenser, which is shown in side and end 
elevation in Figs. 99 and 100, consists of a coil made up with one pipe 
inside another, the water being on the inside of the internal pipe, aid 
the hot compressed gas in the annular space or clearance between the 
pipes. This type of condenser is an attempt to secure the best features 
of both the submerged and atmospheric types in one apparatus, and is 
specially suitable wherever the water is to be used over again for some 
other purpose, and where the open-air type cannot be used by reason of 
structural difficulties. Tlie hot gas is arranged to travel in a downward 
direction, and the cooling water in .in upward direction, so effecting 
an interchange of temperature tha*^ results in the wanner water meeting 
the current of the warmest gas. The condenser is constructed in a 
nest, comprising several sections or stands, so that any one section 
can al M'ays be cut out for repairs, without having for that reason to 
shut down the plant, and such a cro.ss connection of the water con¬ 
nections is pmvided that the water cuiTent can be reversed when it is 
desired to wash out the internal pipe. 

Fig. 101 illustrates the Haslam type of double-pipe ammonia con¬ 
denser. The pipes containing the ammonia gas to lie condensed are 
2-in. bore, built up in the same manner as the oth(w Haslam condensers, 
and through the centre of each a 1| in. bore pipe passes. These are 
connected at the ends by U-shaped bends removable for cleaning 
purposes, and through this inner pipe the cooling water passes, being 
thus Virought into intimate contact with the ammonia. 

An advantage of this type of condenser is that the water may be 
maintained under pressure, and raised to a height to be used for other 
purposes afterwards without further pumping. No tray is required 
under condensers of this typo. 

An objection to this type of condenser would appear to be the 
liability of the deposit of scale in the pipes from certain classes of 
water. 

Hendrick’s Condenser. 

This type of condenser differs from those previously described. It 
consists essentially of a vertical cast-iron shell, containing two or more 
spiral coils of IJ-in. pipff of extra thick gauge, the tail ends of 



i66 rb:frigeration and cold storage;. 

































































Fig. 101. — Haslam Double-Pipe Ammonia Condenser. 
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which project through tlio lieads or covers of the sliell and are con¬ 
nected togetlier by suitable manifolds. 

Tire hot comprcfised gas is delivered into the ujrfxjr part of tliis 
shell, and the condensing water is circulated through the spiral coil or 
coils of pipe located therein. The hot compressed gas is liquefied by 
reason of the pres.sure and by coming into contact with the coil or coils, 
and the liquid will collect at the bottom of the shell, which thus forms 
also a storage tank or receiver for the anhydrous liquid, from which it 
can be discharged into the evaporator or refrigerator. The .shell is 
fitted with a level and gauge to indicate the amount of liquid therein. 


WATRIt-CoOI.ING AHrARATi;.S. 

In large towns and cities where, the water from the water com¬ 
panies’ mains has to be used, and paid heavily for, it is often doubtful 
economy to attempt to reduce the tenq)eratiire of tbo conden.sed gas 
, bebw a certain point, say 60° Fahr. (hiring the winter months, and 
70° Fahr. during the summer months. It is obvious that when a high 
price has to lie paid for the water employed for cooling and other 
purposes, every ellbrt possible should be made to utilise it to the fullest 
extent, and, with this eml in view, it is desirable to use the overflow 
water from the condenser for boiler-feeding purposes, or to employ some 
means, such as a cooling tower, for saving that which would be other¬ 
wise run to waste and be completely lo.st. 

Fig. 102 shows the lfa.slam type of open water cooler, which is 
a simple and at the same time efficient apparatus. It consists of one 
or more nests of lap welded wrought-iron pipe, fitted with malleable 
iron return bends and flanges. Through these pipes the liquefied 
ammonia is evaporated, and the water to be cooled is distributed in a 
thin film over the c6oler by means of a slotted pipe placed over same. 
As the water falls it is cooled to any desired temperature. 

Puplett’s water saving and cooling apparatus is illustrated in Fig. 
103. rt is claimed that the use of this contrivance enables the .con¬ 
densing water to be used over and over again with comparatively little 
loss, the waste indeed being practically confined to the quantity taken 
up by evaporation, which loss is, of course, more considerable in hot 
weather, and the consumption of condensing and circulating water 
is thus minimised as much as possible. It is stated to have been 
clearly demonstrated that in regular working for a oonsideiable period, 
with a temperature in the sun of 93° Falir., the entire loss experienced 
did not exceed 3 per cent, of the total quantity of water circulated. 



WATER-COOLING TOWERS. 


169 


The cost of the upkeep of the apparatus, moreover, is trivial, being 
one farthing per thousand gallons cooled, and the power required under 
ordinary conditions is 1 H.P. indicated for the same amount. 


I 

I 

ec 

hi 


The scope ot this work does not admit of entering into an extended 
dissertation upon what are known as coohng towers, consequently space 
can only be fotind for a few general’ remarks and very brief descriptions 
of some examples of water-cooling towers, with which this chapter will 
be brought to a conclusion. 



-Haslani Open Type of Water Cooler. 
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First, as ref'ard.s tlio general efficiency of any apparatus of the 
kind under consideration, this will be found to depend upon the 
following three principal points, viz.;—The extent of the water surfaces 
exposed. The ijuantity of air that is brought into contact with those 
surfaces. And, tliirdly, upon the difference of pressure which exists 
on the vapours at the water surfaces, and in the surrounding atnio.sphere. 
The first two will be seen to relate to the construction of the appai-atus, 
the third to the general or normal atmospheric conditions. 

Prom the above it will bo gathered that the chief features to bo 
looked for in a water-cooling apjiaratus are the provision of the 
maximum amount of cooling surface, the most even distribution of the 

water ovci- this ciKiling sur¬ 
face possible, and an eftcctive 
air circulation. Cooling 
towers are extensively em¬ 
ployed in the United States 
in connection with refrigerat¬ 
ing plants, and the following 
very brief descriptions of a 
few of the best kmv’vn will 
give an idea of their con¬ 
struction. 

The Worthington consists 
of a steel tower enclosing the 
evaporating .surfaces, which 
latter are formed of hard 
glazed tiles, supported upon 
"P-beam grating, or of re¬ 
galvanised tube tiling. 

The Klein is constructed 
entirely of wood, a )iolygonal vertical shaft forming the frame for a 
checker-Work of Iroards, which are arranged in horizontal layers. 

The Stocker, which consists es-sentially of a strong woixlen casing, 
the interior of which is made up of cross-pieces of boards arranged in 
horizontal layers set at right angles to each other, and having between 
their intersections upright oblique partitions. The water is distributed 
by a system of funnel-shaped troughs at the top of the sti-ucture. 

.The Barnard has a steel casing within which are hung a number of 
mats made of a special galvanised wire cloth. 

In all these cooling towers except the Stocker one fan onlj is 
employed, the latter has two fans mounted updn one steel shaft at the 



Fig. 103. —I’uplett’s Water Saving ami 
Cooling Apparatus. 
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base of tlie apparatus, which arrangoiuenl is daime<l to ('iiablo a more 
equal distribution of the air to ho effected, and a saving of driving 
power, as compared with the amount of air discliarged. 

The Zschocke cooling tower is also said to afford first-rate results, 
and to be moat muiomical in working. Thi.s appvratus consists essen¬ 
tially of a main distributing water trough located above the cooler, into 
which the water to be dealt with is delivered direct, or, where it con¬ 
sists of injection water carrying a considerable amount of oil, after 
passing it through an oil filter. In the walls of this main distributing 
trough, and tiear its bottom, are fitted a number of small iron pipcjj, 
through which the water will 
pa.ss into a series of smaller dis¬ 
tributing ti’OUgbs, the walls of 
which are serrated both lop and 
bottom, so as to cause tlie water 
to be di.stributed in drops over 
the top layer of the wooden 
battens composing thft body of 
the cooler. Tliese battens are 
evenly sgacod, and are placed at 
a slight inclination, so that each 
drop of water will be caught and 
broken on the rough surface, and 
will spread itself out into a thin 
film, which will flow down (iach 
of the battens, and again form 
itself into drops on the lower 
edge of it, owing to its being 
also serrated, and will fall on to lilj.—'I'riuTuph Vv'aiur-dooliug 

the ne.\t batten in the layer Tower. Elevation, 

below, and so on, until the 

Imttom or lowermost layer is reached. The air has free access to every 
batten, and consequently as the water parts with a portion of its heat 
at each, itrwill fall into the receiving tank beneath in a suitably, 
cooled condition. The open typo of cooling tower is provided at the 
sides witjf louvres, which serve to prevent the water from being blown 
away in the case of strong winds, whilst at the same time admitting air 
to every part. 

The Triumph Ice Machine Co.’s water-cooling tower is shown 
in Fig. 104. This apparatus works on the principle of exposing the 
water to be cooled in a *hin sheet to the cooling effect of the atmo-. 
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sphere, the result being suid to be increased in the above tower by 
imparting to it a rotary motion against the air current. Tliis rotary 


Fig. 105.—Haalam Water-OooUng Tower. 

motion is given by a small water-wheel in the manner plainly shown 
in the illustration. ^ '■ 

A cooling device made by the Linde Company for use in connection 
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with submerged condensers consists of the following arrangements;— 
The condenser pipes are placed in an iron tank, the cooling water • 
being kept in motion by a stirrer. At the top of the tank is provided 
a number of sheet-iron cylinders, so areangod that they are immersed in 
the -water below to the extent of about one-third of their diameter. 
These cylinders are caused to rotate slowly upon their axis, and their 
water-covered surfaces are subjected to the action of a current of air 
generated by a fan, the consequent evaporation producing the cooling 
effect. This apparatus is identical in principle to the Wetzel pan for 
concentrating the syrup or liquor in the manufacture of sugar. 

Fig. 105 illustrates the Haslam water-cooling tower, which consists 
of a wrought-iron casing containing galvanised corrugated wrought-iron 
plates. The overflow water from the condensers enters the cooler at 
the top and falling over the plates, comes in contact with a current of • 
air induced by the fan shown in Ihe drawing. The cooled water falls 
into a tank under the cooler, 'ind is again raised to the distributing 
tank over the condensers by a centrifugal pump. 



CJt AFTER JX 

THE ARSOlilTION AND FJNAItY ABSORPTION 
I’ROOESS OR SYSTEM 

The Principle nf the Absorption Process-Karlj Machines-Later Patterns of 
Machines—The Hiimrj-Absorption Process, or Machines nsinp a Compound 
or Dual Liijunh 

The principle involved in the operation of machines for the abstraction 
of heat by the e\ aporation of a separate refrifreratino agent of a volatile 
nature under tlie direct action of heat, and without the use of power, 
■which agent again enters into solution with a liquid, is, as has been 
previously observed of the liquefaction process, more a chemical or 
pliysical action than a mechanioal one. It is founded upon thj fact of 
the great capacity possessed by water for absorbing a number of 
vapours having low boiling points, and of their Ireing i-eadily separable 
therefrom again, by heating the combined liquid; hence it is commonly 
known as the absorption process. 

The absorption process was invented by Ferdinand Carre (brother 
to Edmond Carre, whose sulphuric acid freezing apparatus has been 
previously mentioned) about the year 1850. This system involves the 
continuous distillation of ammoniacal liquor, and requires the use of 
three distinct sets of appliances, viz.:— 

First, for distilling, condensing, and liquefying the ammonia. 
Second, for producing cold, by means of a refrigerator, and absorber, 
a conden.ser, a concentrator, and a rectifier. Third, pumps for forcing 
the lujlior from the condenser into the generator for redistillation. 
The three operations are each distinct from the other, but when the 
apparatus is in actual work they must he continuous, and are dependent 
upon one another, forming separate stages of a closed cycle. 

An advantage of the absorption process is that the bulk of the 
heat required for performing the v^ork is applied direct without being 
transformed into mechanical power. The first machines, however, 
constructed upon this principle were very imperfect in operation, by 
reason of the impossibility of securing an anhydrous product ot’ dis- 
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tillation, and as the ammonia distilled over contained as much as 
25 per cent of water, a very large expenditure of heat was required 
for evaporation,, and the working of the apparatus, moreover, was 
rendered intermittent. This was owing to tlie distillation, which is 
the most uiiportant operation, and has of necessity to be executed in 
a rapid inanner, being, in the first machines, very imperfectly effected, 
and the liquor resulting therefrom being naturally much diluted with 
water. Another serious result of the abov(5 def(a;t was the accumula¬ 
tion of weak liquor in the refrigerator, and the consequent necessity 
for cimstiuit additions of ammonia. 

By subsefiuent improvements, however, made by llees Ueece 
in 1807-70; Mort in 1870, who introduced an improved temperature 
exchanger or economiser; H. F. Stanley, 1875; F. Carre (the original 
inventor), in 1870; W. H. Beck, in 1880; Mackay and Christiansen, " 
and E. H. Tomkins, in 1887 ; and later still in the same year by 
E. L. Pontifex, the distillate has been i<'ndered nearly anhydrous, 
and absorption machines hav been brought to a very considerable 
degi’ee of efficiency. 

;n Fig. 100 is illustrated F. Carre’s continuous-acting absorption 
machine. As above mc i,tinned, the agent employed in this apparatus 
is amntonia. In the drawing A indicates the generator, n is the 
liquefier, o is the refrigeratoi', l> is the absorber. Aqua ammonia is 
introduced into the generator A, the lev(‘l of the liquid being indicated 
by a gauge glass, which is shown on tin', left-hand side of the generator, 
and which is practically similar to that used on steiim boilers, and the 
evaporation is effected by heat from the furnace shown beneath. The 
gas from the generator A is conducted by a suitable pipe K to the lique¬ 
fier B, wherein it passes through congeries or series of coils or zigzags 
arrange<l in a bath of cold water, which is kept constantly renewed 
from the reservoir p. By the time the ammonia has reached a vessel 
situated at the termination of the coils or zigzags in the liquefier it is 
in a liquid condition, and under a pressure of alxmt 150 lbs. per square 
inch, which pre.ssure is constantly maintained in the generator A. 

In the liquid state the ammonia flows through the pipe G to the 
regulator n, by which it is admitted to the distributor I through a pipe 
K, which latter's wound spirally round the pipe or tube L, which is of 
larger Ixire, and through which the vaporised or gasified ammonia 
returns from the refrigerator c after having performed its heat-absorb¬ 
ing duties therein. By this arrangement the returning vapour or gas 
is made to do .some further work by absorbing or taking up heat from 
the liquid ammonia on its»way to the refrigerator. 
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The refrigerator represented in the drawing consists of a set or 
series of six or other suitable number of spiral or zigzag tubes c', c', 
which return upon themselves, forming an equal number of partitions 



in the tank wherein they are immersed, which latter is lagged with 
suitable non-conducting material. Each of these zigzags receives ftn 
equal supply of the liquid ammonia from {he distributor i, and lire 
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space in tlie inaulatcid lank suri'oiinding them is fill(!d with some 
uncongeahiblc lujidd, or uin^ Unit will congeal only at very low toin- 
peratui'es, such as alcohol, or a solution of chloi'ide of calcium or of 
common salt, wdiich is usually known as hriiic. 

The ice cans or cases arc immersed in the Ihpuir between the zig¬ 
zags, and ar(' sustained u)ion a (uii'i'iage cajiahle of being moved by the 
same mechanism that works the punij) w, by which the re-saturated 
solution of ammonia and watiu' is returned to the generator. 

The ammonia gas or vapour from the zigzags in the refrigerator 
c is collected in the cylindrical vessel N, from which it passes up through 
the tube n to the absorber n, where it meets the water that has been 
brought from the bottom of the generatoi’ A, and which partially fills 
the latter. This water being nearly free fnim ammonia, it having Ixsen 
i^xhausbid therefrom by evaporation in the generator A, gre('dily absorbs 
or taki's uj) the ammonia, gas or vap ur in|(!cte<l into it from the tube L. 

The absorber n is fitted wi'h a, worm u' which receives cooling 
water from the supply taidc r, and the water from the generator a, 
which is brought by thi' pipe o, is lirst passed through the coolers p, p', 
hefoii delivery into the ahsorlxu’ n, and is thereby cooled so as to fit 
it to alisorb the aimnonia gas or \apour in the absorlxir ii more freely. 

The transference of the water from the bottom of the generator A 
to the ahsorlier D is I’ffectod by the jircssure in the former, wlienever 
the stop-eock or valve o' in the pipe 0 is ojiened. The pipe 0 is 
carried in a double coil through the cooler i', which consists of two 
concentric cylinders, an<l in a single coil tiiroiigh the cooler p', dis¬ 
charging thi-"ugh a sieve, strainer, or perforated tray, in a fine shower 
into the absorber 11 , The strong ammoniacal solution from the 
absorber n, which is considerably reduced in temperature, is passed 
thiriugb the spaces round the coils of pipe 0 in the cooler p, and 
whilst i-educing tb'' temperature of the hot oxliausted solution or 
water from the bottom of the generator A on its way to the absorber D, 
is itself raised .several degrees before being returned to the generator, 
to the mutual advantage of both. The coil of pipe o, in the second 
cooler p’, is water cooled from the supply tank p. 

The saturated .solution from the absorber n is drawn off by the, 
force punjp m ( .vhich is driven by a steam engine or other motor), 
through the pipe r, and is delivered thereby to the space round the 
coil in the cooler p, passing from the cooler, through the pipe T, to 
the dome on the upper part of tlie generator a, where it falls upon, and 
trickles downward through, a series of perforated strainers or trays, 
whilst the ascending amn*oniacal gas or vapour, on the other hand,. 
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takes a sinuous uj)ward course, alternately passing round the edge of 
one of the trays, and through a central hole or aperture provided in 
the next, and so on to the gas or vapour pipe n; any aqueous vapour, 
which might otherwise bo carried off with the ammoniacal gas or vapour, 
being thus condensed and returned to the generator. 

d’ho constant pnwsure maintained in the g(merator a is, as already 
mentioned, about 150 lbs, per square inch, and to prevent this pressure 
from being exceeded a safety valve is provided on the dome of the 
generator. And gas that e.scnpes through this safety valve is led 
through a suitable pipe to a small water tank, where it is aksorbed. 

As will be seen from the above description, the operation is, 
shortly, as follows: 

The a<jua ammonia is first introduced into the generator a, the gas 
or vapour expelled therefrom by heat into the condenser u; and so 
that the j)rooesa may be carried out continuously and not be arrested 
by the exhaustion of the solution, the exhausted or impoverished liquor 
is slowly drawn off at the bottom of the generator, an equal volume of 
fresh strong solution being constantly inserted at the top thereof. The 
united effects of the cooling and pressure produce liquefaction of the 
ammoniacal gas or vapour in the condenser, and the liquid ammonia 
passes to the refrigerator. It will be seen that the ammoniacal gas 
or vapour from the tubes of the refrigerator i.s reabsorbed, and a 
rich solution is formed to feed the generator, the absorbing water used 
being that withdrawn exhausted from the latter. Thus the generator 
and the condenser will keep up a continuous supply of the liquid, and 
the refrigerator will continue to freeze successive charges of water in 
the ice cans or cases, provided, however, that the requisite heat to 
vaporise or gasify the ammonia is supplied to the generator. If, there¬ 
fore, the entire apparatus be perfectly fluid-tight, as it is theoretically 
supposed to be, no escape could take place by leakage or otherwise, 
and the same materials would go on indefinitely producing the same 
uniforip effect. 

In starting a machine constructed on the absorption principle it 
must be first blown through to expel all the air. In Carre’s apparatus 
the air escaping from the absorber is conducted by a suitable pipe into 
what is known as a purger, where it is passed below the surface of 
water to absorb or retain any ammonia that would otherwise escape 
with the air. 

A large amount of water is required for cooling purposes in the 
condenser or liquefler, and absorber, and a considerable consmn^tion 
of fuel is also necessary to heat the generatpr, when this is performed 
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directly by means of a furnace, us above described; when, however, 
this is effected b) steam-hoatol pipes, as in Stanley’s 1875 jmtent, or, 
as will be described later on, by coils of pipe heated by the exhaust 
steam from an engine, or oven by direct or live steam from a boiler, 
there is a considerable saving on this head. Steam or other motive 
power is likewi.se reijuircd for driving the force pump. 

It is claimed by Mr Carre that for each pound of coal consumed 
as fuel, from 8 to 12 lbs. of ice can bo produced, in accordance with 
the size of the apparatus. For working the larger form of machine, 
capable of making 500 lbs. of ice per hour, two men are required; the 
force pump is (capable of forcing 220 gals, of liquid per hour into 
the generator, and during the same time 100 lbs. of pure ammonia is 
lilsirated from solution, liquefied, evaporated, and re-dissolved or re¬ 
absorbed. 

llees Reece’s chief iiupn.vement is founded on the fact that two 
vapours having dift’erent boiling points, when united, can bo recovered 
by fractional condensation, and by means of his apparatus a prac¬ 
tically anhydrous distillate can be obtained. 

Ihe special feature in the invention described in his 1867 patent 
is the ni ’thod of obtaining nearly anhydrous liquid ammonia by means 
of an analyser, a rectifier, and a condenser, the jreouliar construction 
and arrangement of which enables a continuous distillation and rectifi¬ 
cation of a dilute solution of ammonia to be effected upon the separa¬ 
tive principle. The ammoniacal gas is reduced by its own p)re8sure 
to a liquid condition in the condenser, from which it passes into the 
refrigerator at a very low temperature, quickly abstracting the heat 
from any fluid pa.ssed through the hitter. 

A boiler is connected with an analyser consisting of a series of 
plates arranged in the usual nianner within a strong iron vessel. The 
analyser's connected with a rectifier, which is provided with a series 
of vertically arranged tubes surrounded by cold water, through which 
tubes the ammoniacal fluid passes to the condenser; or in an alter¬ 
native arrangement the rectifier is provided with a series of vessels 
placed one above the other with a space between them, the vessels 
being so connected that a passage is formed from end to end thereof 
for a continuous stream of cold water. The condenser is either fitted 
with tubes and is practically similar in construction to the first arrange¬ 
ment of rectifier above mentioned, or it consists simply of a cylindrical 
or other suitably shaped iron vessel, of sufficient strength to resist the 
internal pressure of the gas, and insunersed in cold water. From this 
condenser the condensed aiAmonia passes to a refrigerator, which may 
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he of any coivv(!nieiit form am) constru{:tioii. The liquid cooled in 
the refrig(U'iitor parts with the gniater portion of its heat to the 
condensed ammonia, which is again vaporised, and in this form passes 
into an ahsorhing vessel which is kejit cool by water, and which serves 
to maintain the rsspurod \acmnii in the r<^fl igerator. The ammoniacal 
solution passes from the absorber into a heating vessel, from which it 
is returned into the analyser. Tln^ latte.r may, however, on occasions 
he dispensed with, and the boiler connected dinictly with the rectifier. 

In his 1870 invention furtlier improvemiuit.s are introduced, and 
the entire apparatus compiises a gtmeratoi’, an analyser, a r(!ctift(;r, a 
liquefactor, a receivin', a refrigerator, an altsorber, and a lieater, an 
engine placed between the I'ofrigerator and the absorber being some¬ 
times, moreover, employed. 

The first five of these vessels form what may be called the distillery 
part of the apparatus, and the main object of the.se improvements is 
likewise to ensure the more perfect elimination of liipiiil ammonia in 
an anhydrous condition, or practically so, from its aqueous solution, and 
in one continuous unintei'riqited operation. 

The analyser consists of a ve.ssel fitted with a series of }ierforated 
cu])S or dishes, a dividing plate, an overilow ]ii]ie, and a deai,l plate or 
baffle to ]irevent the direct passage of the steam through the cylinder. 
The absorber comprises a .series of jiipes arranged together within a 
tank or cistern. 

The ammoniacal gas eliminaled from its .solution in water by the 
action of tlie generator, analy.ser, and rectifier, passes onwards to the 
liquefactor or liquefier, wlierein by its own pressure it is reduced to 
a liquid, and is collected in the receiver; the liquid ammonia .so 
obtained being practically anhydrous. This aidiydrous ammonia is 
then passed into the refrigerator, in which is placed a coil of pipe, any 
liquid passing through which will be cooled by the evaporation of 
the liquid ammonia surrounding it. 

Tile, refrigerator is connected through a stop-cock or valve to 
another coil contained or enchwed in an iron pifie, which coil extends 
to the absorlier vessel, the latter being connected to tlie coil of piping 
contained in the refrigerator. The object of this .second vessel and 
coil is to effect an interchange of temperature with the gas. 

During its further onward pa.ssage to the absorher the ammoniacal 
gas comes in contact with the spent or exhaust liquor of the distilling 
apparatus in which it dissolves, yielding back the original quantity 
of the ammonia solution, to be used over again'repeatedly without 
any appreciable loss or waste. This solutiol'i of ammonia is forced by 
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a pump into the top of tlio analyser, wherein the ammonia is separated 
from the water, and passes to the condenser to be liquefied, whilst, on 
tin? other hand, the exhausted licjuor goes to the generator, and from 
thence into the tmnperaturo exchanger or heater, and on to the absorter. 

The ten.sion or elastic force possessed by the gas as it passes from 
the refrigerator to the absorber, especially when employed for cooling 
water, admits of its b(!ing utilised for driving the pumps of the 
apparatus, or for other purposes. 

'riie operation of Reece’s improved apparatus is briefly as follows ;— 

The charge of liquid ammonia (the ordinary commercial quality of 
a density of 26° Reaume) is vaporised by the ap])lication of heat, and 
the mixed vapour of water and ammorda pass<>d to the vessels called 
the analyser and the l■eetifier, wherein the bulk of the water is con¬ 
densed at a comparativ<>ly elevat-iul bunperature, and is returned to the 
generator. The ammoniacal vapour oi' gas is then passed to the con- 
de.iser, where it is treated in a substantially similar manner to that 
in Carre’s apparatus, that is to say, it is caused to liquefy under the 
combined action of the condensation effected by the cooling water 
circulating round the condenser tubes, and of the pressure, maintained 
in the generator. The liquid .ammonia (in tins case practically anhy¬ 
drous) is then u.sed in the refrigerator, and the vapour therefrom, 
whilst still under considerable tension, is admitted from the refrigerator 
to a cylinder fltti'd with a slide valve, and entiy and exhaust ports, 
jiractically similar to those of a high-pi'e.ssure steam engine, and is 
thus utilised to ilrive, the force puiiqi for returning the strong solution 
to the generator, after which it is passed into the absorlier, where it 
meets, and is taken up by, the wealc liquor from the generator, and 
the strong liquor so formed is forced back iimo the generator by means 
of a force pump as before di'scribed. 

'Ph. temperature exchanger or economiser introduced by Mort in 
1870 provides for the hot liquor on its way from the generator to the 
absorber giving up its heat to the cooler liquid from the absorber on 
its way to the generator, thereby saving the abstraction of so much 
heat from^the generator, and admitting of the liquid in the absorber 
being kept at a lower temperature, which is of great importance to the 
economical working of the apparatus. 

The invention which Harry Frank Stanley patented in 1875 com¬ 
prises several important imj'rovcqients upon the foregoing, the chief 
of which are as follows;— • 

In place of applying fire heat to the generator, as had lieen hitherto 
customary, a coil of stehm pipes is employed for evaporating the 
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ammoniacal vapour. The atlvaiitage.s derived from this are that the 
pressure and temperature in the generator can be much more easily 
regulated, and, moreover, the ammonia separates from the water better 
at a low heat, and an even temperature is found to he most essential 
to the efficient working of the apparatus. The steam-heated evaporating 
pipes consist of a number of straight pipes connected together by 
beiuis, giving a very largo heating surface, and when the exhaust 
steam from the engine is employed therein for heating purposes, a very 
great saving of fuel is effected. 

The analyser is placed upon the generator so as to economise space 
and save the connections otherwise noces,sary. This analyser is formed 
preferably cylindrical, and is fitted with a series of dishes or trays 
having passages so arranged that the vapour impinges on the under 
sides thereof, and traverses the vessel without passing through the 
liquid. Each of the dishes or trays is provided with an overflow pipe 
which is raised above the level of the bottom of the tray, .so as to 
keep some liquid in the dish, but always below the top of the 
vapour outlet. As the ammonia vapour is driven off from the solution 
of ammonia and water, by the heat of the vapour rising from the tray 
below, it passes through the vapour outlets into the rectifier without 
going through the liquor on the tray or trays almve. 

By this means a considerable saving of fuel is effected, as the 
ammonia when once separated from the water on each tray or plate 
is at once delivered to the rectifier. Otherwise, were this not so, water 
has such a strong affinity for ammonia, that the vapour which had 
been separated from the liquor on one plate would quickly become 
absorbed again by the liquoi- it had to pass through on the next 
plate. 

The rectifier is’ placed on the condenser, the two forming in fact 
one vessel, and the same condensing water does duty for both, the 
latter qiassing in at the bottom of the condenser where the coldest 
water'is wanted, and up the outside of the coil into the rectifier, from 
which it passes to the absorber. The ammoniacal gas or vapour passes 
from the analyser into the top of the coil in the rectifier, which coil 
is fitted at intervals with pockets to carry off the water resulting from 
the condensation of the .vapour coming from the analyser, so that 
immediately any such condensation occurs the liquor passes at once 
out of the coil, and the ammoniacal vapour does not come in contact 
iHth the water after being separated from it. By providing these 
pockets with cocks or valves suitable adjustments of the .apparatus 
can be efibeted. 
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The aiiimnnia gan thus {)as.se.s to the condenser in a practically 
anhydrous condition, which is absolutely essential to tlie economical 
working of the apparatus, and which would not otherwise ho the case, 
as if the gas comes into contact with th(' water resulting from its 
condensation it would reabsorb a portion of it. 

The condenser coil is contained in a cast or wrought iron cylinder, 
and to simplify the apparatus and to save space,, the condenser is 
place<l upon the receiver, the latter being a plain wrought or east iron 
vessel serving, as before, to store the anhydrous ammonia before it 
goes into the cooler or refrigerator ; it is fitted with a glass gauge, or 
a float gauge, to indicate, the level of the liquid thtuein. When the 
latter is employed, revolving spindles or rods working vertically through 
stuffing bo.xes in the usual way are preferably used, as tending to 
minimise friction and prevent leakage. 

The refrigerator or cook-r is substantially similar to that employed 
in the former arrangements, but is fitted with a self-closing gauge in 
case of breakage. 

llie absoT-ber is constructed of smaller pipes or tubes, so as to 
enable a greater num' er t,o be used than heretofore, and thus for a 
given content to secure a very much larger surface exposed to the 
action of the cold water which surrounds the tubes; the latter are 
preferably constructed of wrought iron. 

Another saving of condensing water is efiech'd by having a few 
of the top pipes above the upper extremity of the water cistern, and 
letting the warm water coming from the rectifier drip over the out¬ 
side of the pipes. The heat due to the ammoniacal gas being absorbed 
by the weak liquor, which is gi. en off from the inside, is sufficient to 
vaporise a portion of the water, and a large quantity of heat Ixscomes 
latent in the vapour, producing a refrigerating effect. 

The pump employed for drawing the strong solution of ammonia 
profluceil in the absorber, and forcing it through the coil of pipe in 
the heater into the analyser, against the jiressure, is so constructed that 
there are, the very least possible clearances, and that the whole, or 
practically the whole contents, are discharged at each stroke, thus 
preventing expansion of gas on the return stroke, tending to keep the 
suction valvo.s closed. The pump cocks, valves, and gauges are pro¬ 
vided with water containers, so that sliould any leakage of ammonia 
through tho stuffing box occur, the water will absorb it, the latter 
being returned into the apparatus when it becomes thoroughly saturated. 
The stuffing box cock is constructed with a guard, and with an adjust¬ 
able clamp screw, which fields tho key to its seat, preventing leakage 
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from eomjiression (j£ tlie jjaukinf;, and n<liiiitt,inf{ of tho .stuffing box 
being repacked whilst the a)>paratuK is at work. 

To allow for tin! gradual weakening of the solution of ammonia, 
a small vessed or still i.s jirovided in conmvtion with the generator, 
wherein tins weak .solution from tho latter is evaporiit.ed off at a low 
temperature into the apparatu.s, when' the least pressure exists. 

In the invention patenteil by William Henry Heck, in 188G, 
some still further improvements in various details of construction are 
described, notably in the arrangement of the anatysew and reetifler, 
and the absorbei'. 

In the first-mentioned vessel a series of sheet iron or steel trays, 
with or without perforations, the ('dge.s whereof are drifted or set 
up so as to form short adjutages, are provided. Uaeh alternate one 
of these tr.ays has a central opening, and ea<'h inU'rmediate tray an 
annular .sjiaec' left hetw('('n its eireumferenee and tin; enclosing case 
or cylinder. An inner sheet nadal easing is, moreo\'ei’, provided in 
which the water-separating trays are .secured, and which, together with 
such trays, can he easily removed and rei)laeed in position ; and the 
mouth of the vapour mitlet pipe is sometimes surrounded by a finely 
perforated wire gauze claimher or guard. , 

The absorber is formed with a jirimary absorbing vessel, wherein 
the absorption of the ammonia, ga,s is {'ffected l.o an ('xtent dependent 
upon the temperature of the ordinary eooling or condensing water, 
combined with a .secondary absorbing ve.s.s('l wherein a further absorp¬ 
tion of the ammonia gas is effcctcid by the cooling action of a current 
of cold brine, or of water, cooled to a temp(!ratur(^ below that of the 
ordinary cooling or condensing water uscal in the primary ab.sorbcr. 

The weak liquor cooloi', the liquid ammonia I'eceiver, the condenser, 
aud the rectifier rtre contained in a single open-topped tank provided 
with divisions or partitions so arranged as to ensuix' the pa.ssago of 
the cooling or condensing water succes.sively through each of tho 
comportments. 

Frederick Noel Mackay and Adolph Gothard Christianson obtained 
a patent for improvements in ammonia absorption machines in 1887, the 
main features of which that are claimed as novel being as follow.s, viz.:— 

The separation of the ammoniacal gas from the liquor in which it is 
absorbed, by boiling the liquor iij stages within the same Iwiler. 

An analyser consisting of a chambcir containing superimposed 
spirally corrugated plates having perforation.s or openings. 

The combination within one chamG'r of an ammoniacal' liquor 
boiler and analyser. 
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A rectifior coiiisisting of sucli an arrangomont of a coil or coils that 
the gas will take an iipwai'd direction, and the liquid a downward 
direction. 

A conden.9er wherein the coils are so connected that the ga.stxms 
ammonia passes from (joil to coil in an upward direction, whilst the 
liquid ammonia flows in a downward direction. 

A multiple coil condenser so constructed that it has hut. one single 
through way. 

A rectifier and condenser consisting of chandlers containing coils, 
all the joints whereof arc situated on the exterior. 

An auxiliary cooler composed of a chamber fitted with a coil and 
regulator, and suitable connections. 

A v,a])orisor awl refrigerator wherein the brine flows through a 
chamber, whilst the liquid ammonia expands thi’ougli small perfora¬ 
tions or apertures into tubes contained in this (diamher. 

An absorber (sonstructed with a concentric cori'ugated cliamber. 

Ammonia pumps provideil w’ith a chamber through whicdi ammonia 
liquor from the ubsorbiu' p.asses. 

An arrangement whereby ammoniacal liquor from the absoi'ber is 
caused to (siol ammoniacal liquor from the boiler. 

In Edward Henry Tompkins’ patent, which was granted in the 
latter part of 1»87, for improvements in refrigerat.ing apparatus of 
the kind or class for which previous letters patent were granted to 
ItiKis Reece and William Henry Reck, the chief novel i«)ints claimetl 
are.:— 

The placing of the generator within the boiler so as to secure the 
full cfliciency of the heat given off by the steam generateil therein. 

The combination and connection with the main gas pipe from the 
generator of a vessel doing the triple duty of heater, rectifier, and 
analyser; which vessel consists of an iron tank with an arrangement 
of tubes, and a sealed joint or joints at the base through which the 
gas rises. 

An inyiroved form of condenser, consisting of an ordinary condenser 
of the raultitubular pattern, wherein the tubes are passed through a 
tube plate and expanded in the usual manner, but having in addition 
horizoiital partition plates of metal at the alternate ends of the tubes, 
whereby the ammonia is caused to travel backwards and forwards 
along the alternate layers or sets of tubes, and thereby to receive the 
full benefit of the cold of the condensing water. By the removal of 
the end covers, moreover, each layer or set of tubes is I'endered readily 
acces.siblo'for cleaning or impairs. 
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A cooler or refrigerator comprising a system of horizontal tubes 
placed in a large tank, within which latter a solution of chloride of 
calcium is caused to circulate so as to secure an equable temperature 
throughout the entire length of the tank. 

An absorlxir, wherein provision is marie for intimately mixing the 
ammonia gas from the, refrigerator or cooler with ammonia liquor, 
cooled, firstly, by passing it through a small cooler, and .secondly by 
bringing it in contact with a series of tubes through which water is 
made to circulate, thereby effecting a considerable gain in the working 
of the apparatus. 

An ammonia pump provided with a stuffing box wherein is inserted 
a hollow steel or iron ring of .suitable dimensions, to which ring is 
connected a pijie leading to a receiver having a glass gauge to show 
the height or quantity of liquor ammonia which has escaped past the 
first series of packing, and is contained therein. From this receiver 
a pipe fitted with suitable stop-cocks or valves leads to a small hand- 
force pump or compre.ssor of the ordinary type, so that by opening and 
closing these stop-cocks the escaped liquor can Iks withdrawn into 
the pump or compressor, or forced back into the generator, as may lie 
desired. r 

The provision of moans whereby the ammonia liquor from the 
absorber is passed through a coil contained in the compound vessel 
doing triple duty as heatei', rectifier, and analyser, and consequently 
enters the generator at a high temperature, and the temperature of 
the ammonia gas on its way to the condenser is likewise reduced. 
The condensation from this ammonia gas which occurs in the rectifier 
and analyser is conveyed back to the generator by gravitation; the 
above-mentioned compound or triple vessel being situated above 
the level of the generator, and the pressure in both ves.sels being 
equal. 

A small cooler wherein the weak liquor ammonia coming from the 
generator in its heated condition is reduced to a state of comparative 
coolness by contact with tubes cooled by a circulation of cold water, 
to which water may be added, if required, waste ice to increase its 
cooling capacity. The advantage claimed for thus reducing the 
temperature of the weak ammonia solution is that its power of 
absorbing the ammonia gas from the cooler or refrigerator is thereby 
greatly increased. 

The patent granted to Edmund Lionel Pontifex in 1887, snbse-' 
quently to both those just mentioned, for improvements in cooling and 
refrigerating machines of the class described in the specification of 
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former letters patent granted to H. F. Sbinloy in 1875, lays claim 
to the following:— 

The method of mounting the condenser coils upon brackets pro¬ 
jecting inwards from the side of the cistern, and retaining them in 
position by means of uprights extending vertically from those brackets; 
some of which uprights arc extended above the tops of the condenser 
coils for the purpose of supporting the rectifier coil, and also for 
carrying a vertically arrang(!d cylinder occupying a space in the centre 
of the rectifier coil, and extending to above tlu! le.vol of the overflow 
from the cistern. The object of this cylinder ift to ensure that the 
cooling water, that rises up through the cistern, should flow only 
through the annular space or clearance situated between the, exterior 
surface of the cylinder anil the inner surface of the cistern, and 
thus cause it to act in a more efficient m.anncr to cool the rectifier coil 
which is contained in this space or clearance. 

An arrangement for ensuring a uniform action taking place in all 
the concentric coils of the condenser, and causing the liquid coming 
tbe.efrom to be of the same temperature, con.sisting in spacing the 
outer coils vertically further apart than the inner coils, .so that the 
increased,diametor of the outer coils is conipensated for by the greater 
number of the inner coils. 

To provide for the more perfect regulation of the admission of the 
anhydrous ammonia liquid to the cooler, which reiiuires very fine or 
minute adjustment, a stop-cock is provided with a plug through which, 
in addition to the way or passage which is usually formed therein, 
there are, at the sides of this way or passage, other narrow passages 
which, when the stop-cock is partially turned on, allow of a small 
and easily regulated quantity of liquid or fluid being permitted to pass; 
whilst, on the other hand, it likewise admits of a large volume of the 
liquid being allowed to pass quickly, whenever the cock is turned 
full open, as is sometimes necessary for the purpose of clearing the 
small passages by blowing out any obstructions which may lodge 
therein an^ tend to choke them. 

The ensuranco of a more effective absorption of the gas, by m 
arranging the absorber that the weak ammonia liquor or solution is 
made to fall in the form of a shower on to the surface of a tray, 
which latter is provided with small holes or perforations arranged in 
concentric circles. Through these holes the weak ammonia liquor 
percolates or drops down on to the tops of the coils of cooling pipes, 
trickling slowly from coil to coil until it reaches the bottom of the 
absorber, from which lattef it is sucked by the ammonia pump through 
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a pipe at its inlet end or extremity with a perforated strainer 

or guard, in order to prevent the ammonia pump suction pipe froiii 
becoming accidentally choked oi' slopjied uji by any foreign bodio.s. 

In order to enable tin! interior of any of the coils of pipe in the 
.absorlxu’ being readily cleared of any deposit, suitable means are 
provided for admitting of a puTtip cylinder being (iasily attwdied to the 
outlet of each of tins coils. This cylinder is fitted with a piston 
which, by means of a piston rod extending thei'efrom, can be jei’ked 



Fig. I(»7. -I’ontifex-WiHKl Impruvod Continuous-Acting Ammonia 
• Alisorption Machine. 

or moved suddenly and violently to and fro, whilst the cooling water 
is flowing through the coil. The .shock thus caused liberates any scale 
that tfiay have become deposited inside the coil, and thus scale is 
carried off by the flow of the condensing or cooling water. 

The Poritifox ammonia abso.rption machine has been further 
improved by Wood, and the Pontifex-Wood apparatus, a.s at present 
constructed, is probably as near to perfection as can be attained in 
machines-of this class. * 
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Fig. 107 is a per.spect.ive view, .shewing tlie elevation and general 
arrangement of a machine of the Pontifex and Wood type, which com¬ 
prises a generator, a separator, a condenser, a rcfi-igerator, an ahsorher, 
and an economiser, all of wljich are fitted a ith the latest improvements. 

Rehirring to the illustration, A is the generator, 11 is the separator, 
o is the condenser, n is the refrigcualor, n is the ahsorher, and n is the 
economiser. II are th(i aininimia ]iuTnps, the construction of which will 
he more ehsirly understood from the enl.arged views, l‘'igs. lOH and 109. 



Pjgs. Ins and lu!), —PoiUifrx-Wonil [mprovad Amniotiia Pump, 
Elevation and V^ertical Central Suction. 


The gime.rator A consists of a horizontal cast-iron cylindrical 
vessel, containing a coil of steam pipe adapted to bo lujated by direct 
or live .sleam from the onlinary steam boilers, and into which the 
charge of commercial ammonia is inserted. 

The separator u, which is connected to the top of the generator by 
suitable tlange.s, and arranged vertically, and at right angles to the 
latter, is so constructid that any aqueous vapour that rises with the 
vaporised or gasified amnmnia from the generator will be arrested or 
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trapped by a suitable arrangement of baffles or checks, and is I’eturned 
into the generator; the practically anhydrous animonia passing 
througli a pipe from the top of tlie .separator to the condenser c. 

In the condeirser c, which consi.sts of a number of coils of pipes 
inclosed in a wrought-iron vertical cylinder which is constantly kept 
full of cold water in circulation, the anhydrous amnioniacal gas or 
vapour is condensed and liquefied by the pressure caused by its own 
accumulation. 

The liquid ammonia, w'hich leaves the condenser at a temperature 
of between 70" and 80° Fahr., next passes into the cooler or refrigerator 
n, which is a vertical cast-iron ve.ssel fitted with coils of wrought- 
iron pipes, through which a circulation of water or brine is kept running. 
In this cooler or refrigerator the liquid ammonia instantly expands, 
and again takes the form of gas or vapour. During this expansion 
its sensible heat becoming latent, as already stated, its temperature 
is reduced instantly to from 10° to 20° Fahr., or considerably lower if 
'.required, and the water or, where employed for ice-making, the brine 
is reduced or cooled down to any predetermined temperature. 

After performing its cooling office in the refrigerator D the ammonia 
gas or vapour is led through another pipe into the absorber K, wherein 
it comes into contact with, and is taken up and absorbed by, the water 
from which it was first eliminated in the generator A, the strong 
solution thus formed being drawn off by the ammonia pumps n and 
forced back through the economiser or heater o (wherein its tempera¬ 
ture is raised by the water which is passing from the generator into 
the absorber) into the generator A to be re-evaporated. 

The improved ammonia pumps, as drown in Fig. 107, are mounted 
in A-shaped frames, and when employed with a brine circulation, a 
brine pump is also attached to the outside of one of the a frames, and 
is driven by means of a disc crank fixed upon the shaft carrying the 
eccentrics for working the ammonia pumps. 

One. of the ammonia pump cylinders is shown in side elevation 
and vertical central section in the enlarged views, Figs. 108 and T09. 
As will be clearly seen from the sectional view, Pig. 109, the pump is 
of the piston type and double-acting. 

A great advantage in having two ammonia pumps is that they can 
be so arranged that, if necessary, one of them can be shut off for 
repairs or overhauling, whilst the other is continued in work. 

The method of working the Fontifex-Wood improved ammonia 
absorption machine is as follows;— , 

All connections being properly made, and the generator filled or 
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charged with the ordinary amnioniacal liquor of commerce, up to the 
proper love], as indicated by the gauge attached thereto, a little steam 
is admitted to the coil of pipes inside the generator, so as to i-aise 
just sufficient pres.sure of ga.s or vapour to expel all the air from the 
apparatus through an escape valve pj'ovided for that purpose in the 
absorlier. 

As soon as all the air is thu.s expelled, the full j)ressure of steam 
is turned on to the heating coils in the generator, and the ammonia 
in the solution, being extremely volatile, is instantly driven off in the 
form of gas or vajiour, and passes up through the separatin', where 
any aqueous vapour is arrested, luid returned to the top of the 
condenser; the aqueous portion of the ammoniacal solution remaining 
Irchind in the generator. 

The condensing water is admitted at the bottom of the condenser 
and is taken off' at the top, the anmioniacal gas or vapour taking the 
opposite course, and passing downwards through the coil of pipe 
therein, the upper portion of which coil is provided at intervals with 
traps or pockets, and is known as the rectifier. During its passage 
through this coil the gas, or vapour, is rixluced in temperature by the 
condensing water, and any watery particles that may have escaped 
the separator, and been carried over with the ammonia, are caught in 
the above-mentioned traps or pockets, and are immediately passed out 
of the coil and returned into the separator, through the connection 
shown in the drawing. After pa.ssing the lowermost trap or pocket 
the ammoniacal gas or vapour is quite dry or anhydrous, and it is the 
practically pc' feet reduction thereof to this condition that constitutes 
the chief advantage of the Rontifex-Wood improved machine. 

The dry or anhydrous ammoniacal gas or vapour now continues 
to descend the coil in the condenser, until, by reason of its accumula¬ 
tion, it reiiches a j.rc.ssurc at which it becomes liquefiable, the lique¬ 
faction Ireing greatly forwarded by the reduction of temperature 
effected in the condenser by the constant circulation of the cooling 
water. The apparatus is so constructed and regulated that, as the 
gas or vapour becomes liquefied, the product of liquid anhydrous 
ammonia passes into the refrigerator, wherein it vaporises at the 
ordinary atmospheric pressure at a temperature as low as - 28 ° Fahr., 
and at the moment it thus changes its form it absorbs and renders 
latent a very large amount of heat, as has been already mentioned. 

The water or other liquid to be cooled is passed direct through 
the coil arranged in the refrigerator; or, where ice-making is carried 
out, a strong solution of cljloride of calciiun or brine is passed thi'ough 
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it, C(x>led t<> the mjuisito low temperature, and pumped into the ice¬ 
making or free-zing hiiiks. 

The ammonia, wliuh has now again assumed a gaseous form, }»isses 
fi'om the top of tlie cooliu’ 4»r rcfrig<‘ratoi* into thu absorher, which 
latter is eoniu^ct-ed to the bottom of the generator, through a suibible. 
pip<‘,, the prt'ssun! in the latter forcing a constant stream of the water 
left in it at starting into tin* absorher, where this weak solution greedily 
absorbs or takes up the gas coming from the refrigerator, and the 
strong solution thus formed, wdiich is similar to that first placed in 
the gimerato!', is drawn off by the ammonia pun>ps. 

The strong rich solution is then forced through a coil of i)ij)e in 
the economiser or heater into tlie top of the separator, wdierein it 
passes down through a succession of trays, which latter are heated by 
the hot va}K)ur oi* gas ascending from the g(Uieivator, and the ammonia 
is onc(^ more separated from tlie watei' in whicli it is dissolvcsd, the 
solution gradually becoming weaker, until it finally falls hack into the 
generator ahn(»st entirely (exhausted of ammonia. 

As in CarrCs a])paratus, the con>pl<;te process forms, it will be 
ae(*u, a continuous close<l cycle, the (hanges from liquid to gas and 
vicr. verm being consbintly repeated. 

Theoretically the only outlay for working the machine, outside tlie 
small amount of oil nnjuired for lubricating the nmving parts and the 
labour, is that entailed for the coal or other fuel (consumed in raising 
sUuim for heating purposes, whei'e exhaust or waste steam is not 
employed, and for supplying the small steam engine retjuisit<‘ to drive 
the ammonia pumps ; in cases, however, wher(‘ water has to Ix^ paid 
for, there is an additional outlay for the water that is used for con¬ 
densing and other purposes. The boiler power required, where direct 
or live steam is used, varies from 2 H.P. in the smaller machines, 
which are capable of performing work equal to the reduction of 225 
gals, of water 10”, or of 60,000 cub. ft. of air 20° Fahr. per hour, 
or of Tin ice equivalent melted per twenty-four hours of 11 tons ; up 
to 15 H.P. in the larger sizes adapted to so treat 8,000 gals, of 
water, or 1,900,000 cub. ft. of air, or of an ice equivalent in tons 
melted per twenty-four hours of 50 tons. In like manner the indicated 
horse-power that is necessary for driving the ammonia pumps will run 
from one, in the small machines, up to six in the larger sizes; and 
the amount of condensing water at 50° Fahr. from 100 to 3,000 gals, 
per hour. 

In practice a certain amount of the ammonia is always unavoidably 
lost by leakage, even under the most favourable circumstances. The 
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amount of ammonia that thus goes to waste and has to be replaced 
depends chiefly the care taken in packing the ammonia pumps, 
but under average conditions it usually varies from 240 to 400 lbs. per 
annum. The price of the onliiiary commercial liquor ammonia used 
in the machine is from 3d. to 4d. per lb. In some exceptional cases, 
however, machines have run in a satisfactory manner for two or three 
years without any additions of ammonia having been made. 

Other refrigerating machines acting on the above principle, of 
which mention may be made, are those of Hill, Seeley, and another 
one of French origin. 

A number of British patents have been obtained by Frederick 
Barker Hill, both singly and in combination with others, for improve¬ 
ments in ice-making and refrigerating machinery. No. 3,427 of 1876, 
Nishigawa and Hill; No. 6,808 of I880, Hill and Gorman; and No. 
15,914 of 1886, Hill and Gormau, claim certain improvements in 
absorption machines, the latter patent comprising mainly improved 
means for heating the ammonia boiler and for the formation of cold 
stores tor refrigerating purposes. Hill, No. 13,487 of 1887, describes 
a ref. igeratfng machine with mercurial pump, wherein mercury is 
employed tor drawing air .)r other gas or vapour into and discharging 
it from one .or more chambers. It is stated that the mercury acts as a 
seal to close the aperture of the suction pipe, and that, consequently, 
the use of a suction valve can be dispensed with. Thii pump may be 
adapted for use with an apparatus such as described in the previously 
mentioned patent. 

No. 17,071 of 1888, Hill and Sinclair, contains a description of a 
refrigerator or ice-making machine mounted upon road or travelling 
wheels, and provided with suitabiu means whereby motion may be 
transmitted to its driving shaft from one of the wheels during trans¬ 
port. 

No. 20,811 of 1889, Hill and Sinclair, contains certain improve¬ 
ments in the absorption machine described in No. 16,914 of 1886. 
The ammonia Iwiler or still is formed in this case of two horizontal 
tubes conneejed by suitable pipes which extend longitudinally within 
the tubes. The horizontal parts of the pipes are perforated at their 
upper sides to ensure uniformity in the action of the apparatus. In 
combination with the refrigerating apparatus are employed two slabs 
or tables formed of metal or other suitable material of good thermal 
conductivity, beneath which circulates brine or other non-congealable 
liquid for conveying the cold from the refrigerating tubes or chambers 
to the slabs or tables. These cold slabs or tables are adapted for facili- 

13 
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tating and expediting the manufactui'e of cliocolate, confectionery, 
pastry, and other substances which are formed in moulds, and which 
can he manipulated upon the slabs or tables. 

Hill, No. 16,25.3 of 1889, descrilx!s an improved refrigerating and 
ice-making machine, adapted to work on the intermittent ammonia- 
absorption process. The main features of the invention consist in the 
production of cold by this method, wherein impoveri.shed ammoniacal 
liquor from the ammonia boiler is caused to pass into one or more 
supplementary or auxiliary absorbers, in which the ammoniacal gas is 
subsequently absorbed, and from which the liquor, together with the 
gas absorbed thereby, is then returned to the ammonia boiler. 

In ammonia-absorption refrigerating and ice-making machines as 
constructed before the date of this invention, it was necessary, after 
the distillation of the ammonia, to reduce the temperature of the liquid 
in the boiler until the pressure became sufficiently diminished to peniiit 
the vaporisation of the liquid ammonia in the refrigerator, and until 
the liquid in the boiler was sufficiently cool to pimnit the absoiption 
’')f the ammoniacal gas thereby. This cooling of the liquid necessarily 
occupied a considerable space of time. Besides, in many of th<!se re¬ 
frigerating and ice-making machines the absorption of the ammoniacal 
gas took place only at the surface of the liquid in the boiler, and was 
necessarily a slow process, the liquid being of higher temjsnature at 
the surface than at any otlier part thereof, and having its temperature 
raised at the surface by the condensation of the ga.s. 

The inventf>r claims to have discovered that, by employing one or 
more separate or auxiliary absorbers, which can be put in communica¬ 
tion with the boiler, the cooler or condenser, and the refrigerator as 
required, and in which the ammoniacal gas can ascend through a body 
of liquid, ho can very rapidly diminish the pressure in the ammonia 
boiler by absorbing the gas from the boiler, the rectifier, and the con¬ 
denser in the absorber or aksorbers; and is enabled to effect the 
absorption of the ammoniacal gas from the refrigerator, either in the 
supplementary or auxiliary absorber or absorbers or in the boiler, 
immediately or very soon after the distillation, thus greatly expediting 
the production of cold by the machine. 

Fig. 110 is a front view partly in section, and Fig. Ill is an end 
view of Hill’s refrigerating apparatus provided with a supplementary 
or auxiliary absorber. 

■ A indicates the ammonia boiler, b the separator or rectifier, c the 
cooler or condenser, and n the refrigerator, b is the supplementary or 
auxiliary absorber, which is connected with'the boiler a, the condenser 
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c, and the refrigerator i) by pipes F, F>, F^, F* fitted with stop-cocks or 
valves G, cd, 1.", fd. By the manipulation of tliese cocks as may be 
required, the impoverished amiuoniacal liquor from the boiler may be 
introduced into the absorbei- e after the distillation of the ammonia, 
and the liquid charged with gas by absorpf ion may be caused to retuni 
from the absorber to the boiler. Thu.s when the liquid anhydrous 
ammonia has been collected in the refrigerator D, the cocks <d, o*, are 
closed and the cocks G, n' partly opened, so as to admit of the weak or 
impoverished solution from the boiler A, or a sufficient portion of it, 
being forced into the absorber n; the cock oi’ valve o' is then closed. 



Figs. 110 and III.—Hill’s Ammonia Absuiption Machine with Supplementary or 
Auxiliary Absorber. Diagrams showing Front and End ’^iews. 

and the cock G*' is opened to rapidly relieve the pressure in the con¬ 
denser, rectifier, and boiler, by allowing the gas therefrom to become 
absorbed by the weak solution in the absorber e. As soon as the 
solution in the boiler is sufficiently cooled to permit reabsorption of 
the gas thereby, the boiler is placed in communication with the 
refrigerator by onening the cocks or valves g', g*. Ttie ammonia 
solution from the absorber e will be returned by gravity or in any 
other convenient manner into the ammonia boiler a, through the 
cocks G, qI, when required. 

Instead of placing the refrigerator D in communication with the 
boiler A, it may be so connected with the supplementary or auxiliary 
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absorber k, thereby permittiujf the vaporisation of liquid animoiiia in 
the refrigerator, and, the absorption of the ammoniacid gas by the 
impoverished ammoniacal liquor previously introduced into the 
absorber k from the ammonia boiler. While the vajwrisation of the 
ammonia in the refrigerator is thus proceeding, the weak solution in 
the ammonia boiler may be cooled, after which the refrigerator may Ik) 
put into communication with the ammonia boiler. 

In Fig. 112 is shown a complete machine constructed on the fore¬ 
going principle. L is a coil boiler for heating the solution in the 
ammonia boiler a, with which the coil boiler is connected through 
the medium of a separator m. 

The type of absorption machine made by the Henry Vogt Machine 



Fig. 112.—Hill’s Ammonia Absorption Machine, with Supplementary or 
Auxiliary Absorber. Diagrammatical View of Complete Machine. 

Co., of Louisville, 'Ky., U.S.A., has no round coils and bent pipes. 
The generator operates on the fractional distillation principle, and is 
claimed to produce practically anhydrous ammonia. It consists of a 
main casting divided into four compartments communicating tl\e one 
with the other, and four horizontal pipes connected to the main casting, 
■which contain the steam heating coils. The highest compartment of 
the maip casting is connected to a stand-pipe containing an analyser 
and rectifying coil by which the gas is dried before it leaves the still. 
The strong liquor is passed in. at the top of the stand-pipe, and 
descending through the rectifying coils and the analyser reaches the 
uj^r compartment of the main casting, from which it flows over the 
steam coil in the horizontal pipes, passing ffom one to the other' until 
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the lowermost compartment is reached. The gas that is generated is 
delivered through the aperture in each compartment to the stand¬ 
pipes, where it deposits its moisture, and the dried gas goes on to the 
condenser. 

The heat e-x;changer or economiser consists of an arrangement of 
straight concentric tubes, the outermost of which are connected at their 
alternate extremities by H-sliaped pieces, and the inner ones being 
coupled together by external bends also acting as glands to the joint¬ 
ing. The .strong ammonia liquor enters the heat exchanger at the 
bottom on its passage to the still or generator, and is delivered out at 
the top. The weak liquor from the still or generator on the other 
hand enters the heat exchanger at the top, and leaves it at the bottom. 

A double-acting horizontal fly-wheel pattern pump, running at a 
speed of twenty-five revolutions per minute, is employed, the special 
feature of wliich is the constructioii of the ammonia stufling box with a 
surrounding water chamber, wl ich acts as a lubricator to the piston 
rod. 

'rhe absorber is constructed in the form of an upright tubular 
boiler open at the top, the tubes being uniformly distributed, and so 
arranged that they can bo cleaned whilst the machine is running. The 
cooling water is admitted at the bottom, and passes out at the top, 
an automatic regulator controlling or governing the flow. 

The type of absorption machine made by the Ice aud Cold Machine 
Co., of St Louis, Mo., U.S.A., is a modification of the Carrd apparatus 
by Mr Ball. The generator is constructed of steel and is of a vertical 
cylindrical form, having a removable top head, steam heated, and with 
drying trays or pans arranged in the gas dome. An open-air or a 
submerged type of condenser is employed in accordance with the 
water supply. The heat exchanger or equaliser is a cylinder fitted 
with remo^■able heads containing tubes. From the shell of this heat 
exchanger the poor liquor passes to the coils of the poor liquor cooler, • 
which is also either of the submerged or open-air surface evaporative 
type, and thence to the absorber. 

The gas liquefied in the condenser tubes passes through the expan¬ 
sion valves to the expansion or evaporating coils in the freezing tank,- 
and it returns fi om thence to the absorber. 

This latter apparatus is a cylindrical-shaped vessel fitted with 
vertical tubes, up through which the water passes, removing the heat 
from the ammonia. 

The ammonia is raised by two single-acting vertical pumps driven 
by a vertical steam engind’, to which they are directly coupled. These 



198 REFRIGERATION AND COLD STORAGE. 


pumps lift the enriched ammonia from the absorber through the 
exchanger tubes into the top of the generator, and thus complete the 
cycle. 

To dry the gas and separate any moisture therefrom the air-blast 
is maintained at a temperature of 14° below zero Pahr., and the 
temperature of the ice-making box or tank is from zero to 2° Pahr. 



Fig. IIS.—Tyler k Ellis’ (Craoknell’s Patent) Ammonia Absoqition 
Machine. Front View. 

Fig. 113 is a front view, Fig. 114 is a side view, and Fig. 115 is 
a vertical longitudinal central section through either side of Fig. 113, 
showing Cracknell’s patent ammonia absorption machine, formerly made 
by the Tyler & Ellis Mfg. Co., Ltd„ subsequently by Ransome it Rapier, 
Ipswich, and known as the “ Simplex.” The machine consists essen¬ 
tially of two vessels (a and b), one of which vessels (say b) contains strong 
anhydrous ammonia liquor, and is heated by a steam coil, wbiUt the 
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Kig. 114.—Tylor & Ellia’ (CrackneU’s Patent) Ammonia Absorption 
Machine. Side Elevation. 


other ■■ Jeael A is filled with the spent liquor from the last operation, 
and is cooled by a water coil. Ammonia ts given off in n under 
considerable pressure, .and passes through the valve to the condenser, 
where, becoming cool, it condenses or liquefies, and passes to the 
expansion valve as liquid anhydrous ammonia. After getting by the 



Fig. 116.—Tyler & Ellis’ (CracknoU's Patent) Ammonia Absorption Machine. 
Verticaf Longitudinal Central Kootion. 
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expansion valve, which latter is regulated to pass the liquid according 
to the amount of heat to be abstracted, or cooling to be performed, 
the pressure disappears, and the liquid ammonia rapidly evaporates as 
it traverses the succeeding pipes and coils, producing a large volume 
of gas of an intense cold. After traversing the cooling coils in the 
evaporator or refrigerator the gas returns to the machine through 
another valve, where it meets the weak liquor in the vessel a, and is 
absorbed by it. This process continues until the charge in n becomes 
spent, and that in A concentrated, when the valves i and N must be 
closed, the valves L and K opened, the reversing handle T turned 
towards n, and upon the equalising of the pressure on the two gauges 



Fig. lit).—Lyon’s I’ateut Ammonia Absorption Machine. Plan. 

the valves l and k’ should be closed, the valve J opened, and, as soon 
as the pressure falls below 30 lbs. on the pressure gauge on A, the valve 
M should be also opened. The effect of this will be to exactly reverse 
the order of things, a then becoming the high pressure or hot side, and 
B the low pressure or cool side. Each of these operations will average 
about an hour. 

Fig. 116 is a plan. Fig. 117 is front view, and Fig. 118 is a vertical 
longitudinal section illustrating a small refrigerating machine, on the 
alMorption system, designed by Mr Lyon, of Olasgow. The illustra¬ 
tions, as well as the following description, are taken from hie patent 
specification. 

(5 is the generator, and a is the absorbeF, both of which are' hori- 
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zontally placed cylindrical vessels, the absorber lieing located at a 
higher level than the generator. Heat is applied in the generator o, 
through a pipe s, through which steam is passed, or an electric heater 
or other known heating appliance may be used; and the vessel is 
encased in a shell packed with a material u which is a bad conductor 
of heat. The upper part of the generator (S is connected by a pipe B 
to the lower part of a vessel ii, termed a rectifier, which is kept at 



I'lg. 117.—Lyon’s Patent Ammonia Absorption Mooliine. Front Elevation. 


a moderate temperature by a water jacket J, and in whicli ammenia 
vai>oar entering it from the generator o separates from traces of water 
which return to the generator. From the rectifier e the ammonia 
vapour passes through a pipe D to a worm or other condenser c, in which 
it is acted on by cold water so as tg become cooled and liquefied. 

The ammonia thus condensed and liquefied is employed in the 
ordinary way so as by its expansion in tubing T, indicated by dotted 
lines, immersed in brine *in a tank u, to produce refrigeration, the 
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ammonia proceeding from the condenser c by a pipe v, having on it 
a regulating or expansion valve w to the expansion tubing T. From 
the expansion tubing the ammonia vapour passes by a pipe x into the 
absorber A, which is provided with an internal pipe coil Y, and with 
an external jacket z, through which cold water is passed. 

On starting the machine the absorber a will be partly filled with 
water or with a weak solution of ammonia, there being then in the 
generator g a strong solution of ammonia. During the operation the 
solution in the generator o becomes weakened because of the evapora¬ 
tion of the ammonia, whilst that in the absorber A becomes strengthened 
by absorbing ammonia vapour from the expansion tubes x; and when 



Fig. 118.—Lyon’s Patent Aniinonia Absorption Machine. Vertical 
Ixingitndinal Section. 


the operation has'been continued as long as is desirable, the .strong 
solution in the absorber is run through a stop-cock E and pipe P into 
an intermediate vessel i. Then there is opened a stop-cock K on a 
pipe L, which extends from the absorber a down to the lower part of 
the generator g, whereupon, owing to the excess of the pressure in the ' 
generator over that in the absorber, the weak solution in the former 
is transferred to the latter. Finally a stop-cock m in a pipe n, con¬ 
necting the intermediate vessel l with the generator, is opened, and the 
strong solution is run into the generator ready for a fresh operation, 

For the purpose of equalising the pressure, the intermediate vessel 
I has connected to it a pipe a, with branches b, c, connected to the 
absorber A and to the generator g, the branches having stop-valvfes d, e. 
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Thus when the solution is being transferred from the absorber a to the 
intermediate vessel l the upper valve d is opened, the lower one e 
being closed, and when tho solution is being transferred from the 
intermediate vessel ,1 to tho generator c, the upper valve d is closed, 
and the lower one e opened. 

An ammonia absorption machine designed by Mr C. Senssenbrenner, 
a German inventor, and shown in Fig. 119, has an evaporator o com¬ 
municating, with the condenser d through an opening e. The condenser 



rig. lit). — SonBsenbrcnnii 
Patent Ammonia Alwoiption 
Machine. 



Kig. 1-JU.—Diagram illustrating Coleman’s 
Eloctrically-hoatcd Absorption Machine. 


is fitted with a cooling receptacle f/, which has on its outer surface 
upwardly inclined ribs h for catching the ammonia which is liquefied. 
During condensation, water is admitted to the receptacle g by an 
inlet pipe ■<'. and is led away by the outlet but, when the receptacle 
a is cooled by the passage of the water through the coil h and the 
pipe i is removed, water placed \n the receptacle g is frossen by the 
evaporation of the ammonia. The receptacle a may be heated by 
steam or fuel. 

Fig. 120 is a diagraib illustrating a patent automatic electrically 












204 REFRIGERATION AND COLD STORAGE. 


heated absorption machine lately designed by Mr C. J. Coleman, of 
Chicago, U.8. In the diagram the appamtus is shown partly in vertical 
central section, and a represents a combined absorption and generating 
chamber; b an auxiliary absorption chamber; c the rectifier or water 
separator; n the storage or condensing coils or chamber in which the 
ammonia gas collects in a liquid or highly condensed state; K the 
automatic expansion valve or cock; P the expansion chamber, or 
coils, wherein the condensed ammonia gas from the storage chamber 
is allowed to expand so as to effect the cooling step or operation of the 
system. 

As shown, the generator a is connected by means of a pipe a with 
the water separator or rectifier c, and tliia latter is in its turn connected 
by a pipe H with the condensing or storage chamber D, a check valve I 
being provided in this pipe connection to prevent any backflow into 
the rectifier and generator. The condensing chamber n is connected 
to the expansion or cooling chamber p by a pipe J, in which latter 
ili arranged the expansion valve or cock e, and the expansion or 
cooling chamber is in its turn connected to the auxiliary absorption 
chamber B, by means of a pipe K, the auxiliary absorption chamber 
being connected to the main generator by a pipe L, fitte;’ with a 
check valve M, to prevent any backflow from the generator into the 
former. 

The rectifying chamber c is provided with a partition or diaphragm 
N, which is constructed of some material of a porous nature that will 
allow of tlie passage there-through of a gaseous body such as ammonia 
gas, but will prevent the passage of water or aqueous vapour. For 
this purpose the inventor finds unglazed and highly vitrified porcelain 
to be a good material, and a similar material to that employed in the 
manufacture of the ordinary porous battery cups that has been treated 
with some antihygroscopic material, such as paraffin, is likewise found 
to be suitable for the purpose. The cup or pot-shaped form shown in 
the drawing is found to be preferable, as affording the maximum amount 
of working surface, in combination with cheapness and simpliaity of 
construction. 

Electricity is employed for heating purposes, and o represents an 
electric heater, which is arranged within the generator a, so as to 
raise the temperature of the latter to the desired point. The operating 
greuit of tliis electrical heating, apparatus includes, in addition to 
a battery, or some other source of electrical energy p, a switch 
mechanism q, which is adapted to open and close the circuit, and 
which is so pivoted that it will have more or less friotiem on- its 
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pivotal bearing, and thus will have a tendency to remain in the 
position to which it may be set or moved, until such time as it is 
positively moved from such position; b is a pressure gauge or motor, 
located in the pipe connection h, leading from the rectifier c to the 
storage tank or coil n, and the duty of which is to indicate the pressure 
within this coil or tank, and also to impart movement in unison with 
the pressure in this latter to a connecting rod or link B, wMch latter 
is m operative connection with a pivoted thermostat t of a bimetallic 
formation. The.se connections are so arranged that with the variations 
of pressure in the storage tank or coil n, the thermostat T will be 
correspondingly moved towards or away from the contact point v. 
This operating circuit, which is controlled by the thermostat, in 
addition to a battery or other source of electrical energy v, also 
includes an operating electro-magnet w, by which the switch mechanism 
Q is worked, so as to break or open the circuit of the heating 
apparatus o. 

X is a float arranged in tho interior of the generator A, which float 
is connected with a pivoted bimetallic thermostat v in such a manner 
tbnr the final movement of the float in an upward direction will move 
the therjjiostat Y towanls the contact point y', and will thus complete 
or close the circuit. In this circuit is also included a battery Y*, and 
an operating electro-magnet y*, by which the switch mechanism (J is 
worked to close or complete the circuit of the heating apparatus. The 
electro-magnet z is adapted to open the expansion valve or cook E, 
and the operating electrical circuit in this magnet, in addition to a 
battery or other source of electrical energy z', also includes a thermostat 
z^, which is within the influence of the expansion or cooling chamber F 
of the system, and which is ndapted to maintain the temperature 
within the expansion chamber constant. 

In rig. 121 is shown diagrammatically the general arrangement of 
a leading type of modem American absorption machine. The con¬ 
struction of this apparatus will be seen from the particulars given 
upon the drawing, and the operation of a large modern plant will be 
clearly understood from the diagram, Fig. 122, and the following 
concise description of the paths taken by the ammonia, cooling water, 
and ammonia liquor through various members of the system, abstracted 
from an article in Power, of New York, by Mr F. B. Matthews. . 

“ Cycle Tramereed by Ammonia _This can be readily traced by 

following the course of the heavy arrows in the diagram. The circuits 
of both the gaseous and aqueous components of the aqua ammonia 
refrigerant, as well as that of the cooling water, can be more readily 
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Fig- 121.—Diagram illustrating J./eading Type of American Ammonia Absorption Machine. 
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followed out by means of this diagram, in which all mochanical details 
have been omitted, and the several members of the refrigerating system 
are represented by shaded areas occupying approximately the same 
relative positions on the diagram. The path of the ammonia is repre¬ 
sented by a heavy solid line, that of the water component of the aqua 
ammonia refrigerant by a narrow solid line, and that of the cooling 
water by a broken line. The direction of travel in each case is 
indicated by arrows. 

“From this diagram it will be seen that, as ‘anhydrous ammonia,’ 
the refrigerant starting from the ‘ aidiydrous receiv(w ’ passes to the 



Fig. 122.--Diagram showing Paths of Ammonia, Cooling Water, and Ammonia 
Liquor through Vaiious Mcmbors of Absorption iSystem. 


‘brine cooler,’ where, in changing to the gaseous state, it performs 
its solo function of ab-sorbing heat from the brine. As saturated low- 
temperature ammonia vapour, the refrigerant starting from the brine 
cooler passes to the absorber, where it enters into solution or is 
absorbed by the weak liquor from the generator, forming strong liquor.' 
As hot strong liquor the refrigerant, starting from the absorber, passes 
through the exchanger, where it gives up some of its heat to the weak 
liquor on its way to the ahsorbek, then on by way of the analyser 
into the generator, where the ammonia gas is driven out of the strong 
liquor solution, under high pressure, by the application of heat, and 
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passes through the analyser and rectifier into the condenser, leaving 
the impoverished aqua ammonia or weak liquor behind in the generator. 

“ In the condenser the heat originally absorbed by the anhydrous 
ammonia in changing from the liquid to the gaseous state in the brine 
cooler, as well as that added to increase its temperature and drive it 
out of solution in the generator, is given up to the cooling water, 
circulated through the condenser, causing the ammonia to return to 
the liquid state, after which it flows to the anhydrous receiver, and 
the cycle is again traversed. 

“ The aqueous component of the aqua ammonia refrigerant, starting 
from the bottom of the absorber in company with the ammonia in the 
form of strong liquor, pa88e.s through the exchanger and analyser into 
the generator. Hero it is separated from the greater part of the 
ammonia and returns through the exchanger and weak-liquor cooler 
to the absorber. Here it again joins the anhydrous ammonia, forming 
strong liquor, and retraces the path ju.st described. 

“Path of Codling Water .—The cooling water is admitted first to the 
^ ammonia condenser, where it performs its most important function of 
removing heat from and liquefying the ammonia gas. After leaving 
the ammonia condenser it is still cool enough to be capable j)f absorb¬ 
ing a considerable amount of beat from the strong liquor in the 
absorber, more from the weak liquor fresh from the generator in the 
weak-liquor cooler, and still more from the hot ammonia gas fresh 
from the generator in the rectifier, after which it usually passes to 
waste. 

“Still another line might have been drawn on the diagram indicating 
the path traversed by the heat from the point of its absorption from 
the brine in the brine cooler to that of its expulsion with the cooling 
water from the condenser. Such a line, however, would coincide with 
that representing the ammonia from the point where the heat and the 
■' vapours of the refrigerant leave the brine cooler, continuing to the 
condenser, where it would cross over and join that representing the 
cooling water. It would then follow this line through its circuitous 
passage to the point where, together with the water, the heat flows 
away to the sewer. 

“ It should be noted that throughout the entire system a counter- 
current effect is carried out between the cooling and the c5oIed 
substances. 

“By these counter - current codling effects, in which the coldest 
cooled substance gives up its heat to the coldest cooling substance, 
and the hottest cooled substance to the wnnest cooling substapee, 
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the outgoing substance is cooled more nearly to the temperature of 
the incoming • ooling substance than would otherwise be possible, thus 
effecting economy not only in the amount of the cooling substance 
required, but also in the operation of the system through the reduction 
in the amount of the refrigerating medium required for a given amount 
of cooling.” 

The novel feature in Seeley’s absorption machine is the arrange¬ 
ment of the generators, which can bo alternately heabsl by moans of 
steam coils, and which are charged with dry pulverised chloride of 
calcium. On heat being applied to one of these generators the liberated 
gas rises, is pas.sed through a condenser, expanded and evaporated in a 
refrigerator, and lastly returned to the second generator, wherein it is 
taken up oi- absorbed by the dry chloride of calcium. Heat is then 
applitsl in its turn to the second generator, and the operation is reversed, 
and so on ad infinilum, the generators alternately becoming absorbers. 

Jn a French machin(!, the refrigerating agent used is araylic ether, 
which is capable of dissolutioi under the action of sulphuric acid. 
The ether is first extracted from the acid under the action of heat, is 
li([ui ;ied under a considerable pressure, and is paa.sed into a suitable 
receiver or container, friou which it can be admitted by means of a 
stop-cock or valve to spiral ducts surrounding a cylinder or vessel con¬ 
taining the water to be frozen, wherein by its expansion into gas it 
abstracts the heat, as already mentionefl with respect to other machines 
of this class. The vapour is then returned to a vessel containing sul¬ 
phuric acid, by which* it is once more absorbed, to be subsequently 
again expelled or driven off therefrom by heat, and to pass through the 
same cycle of operations as before. 

Those machines wherein a refrigerating agent is used, which con¬ 
sists of a compound or dual liquid, one of which is capable of liquefac¬ 
tion at i. comparn lively low jiressure, taking the other or second one 
into solution by absorption ; or, in which the refrigerating agent is 
h(|uefied partly by absorption and partly by mechanical compression, 
are said to work on what is usually known as the binary or dual 
absorption .systeir.. 

Jibnson and Whitelaw’s machine is designed for use with bisul¬ 
phide of carbon This refrigerating agent is first vaporised, and with 
the air introduced by the force-pump is passed through chambers 
charged with oil, by which the bulk of the moisture of the gas is taken 
up or absorbed, provision being made for extracting that of the air 
by passing it through a pipe leading to the air-pump, which pipe is 
partially filled with chloride of calcium. 

14 
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Pictet’s refrigerating agent consists in a combination of carbon 
dioxide and sulphur dioxide, which forms a liquid having a vapour 
tension much less than that of carbon dioxide, or even of sulphur 
dioxide, at temperatures above 78” Fahr. A cooler or refrigerator 
patented by Pictet in 1887, which can be employed either with a 
compression or an absorption machine, has been already briefly described 
on page 91. 

Tn Nicolli and Mort’s machine the refrigerating agent used is 
ammonia. The apparatus consists es.sentially in three main parts, viz., 
an evaporator, a pump, and an absorber, and the operation is as 
follows:— 

The evaporator or generator is first charged with strong ammoniacal 
liquor, vaporisation being effected by reducing the pressure through the 
action of the pump, and heat being abstracted thereby from the liquor 
to be cooled in the usual manner; the evaporator or generator thus 
performs a dual office inasmuch as it also acts as the refrigerator. 

The weak or exhausted liquor passes out at the bottom of the 
evaporator and is conducted through suitable pipes to the pump, where 
it meets the ammonia gas or vapour, and, together with the latter, is 
pumped into coolers, sufficient pressure being applied to liquefy the 
vapour, and oau.se a re-dissolution thereof; the strong solution is then 
returned to the evaporator, passing on its way through an interchanger 
wherein its temperature is reduced by that of the cold, exhausted, or 
weak liquor also passing there—through to the pump. 

Do Motay and Rossi use as a refrigerating agent a mixture of 
common ether and sulphur dioxide or sulphurous acid (SOj), which 
compound is known as ethylo-sulphurous dioxide. It was found by 
experiments that, at ordinary temperatures, liquid ether has the power 
of taking up or absorbing large volumes of sulphur dioxide, amount¬ 
ing to as much as three hundred times its own bulk, the tension of 
the vapour given off from the dual liquid being below that of the 
atmosphere at a temperature of 60” Fahr. 

The two liquids are evaporated in the refrigerator by reducing 
the pressure through the action of the air-pumps. Th^ pressure in the 
condenser is at no time in excess of that required to cause a liquefac¬ 
tion of the ether. The capacity of the pump need not be so large as 
that which would be necessary were ether employed by itself, but it is 
' necessarily somewhat more than that demanded for pure sulphur dioxide. 

De Motay and Rossi’s apparatus is said to have given very good 
results in the United States, where it has been used for a number of 
years. • 



CHAPTER XIII 


REFHKiERATIOX AND COLD STORAGE (awiiiiued) 

Tlio OonHtniotion aud Arrangement of Cold Stores and of Cold Storage Rooms oi’ 
('hanibers—Ventilation-'-Air Circulation -Insulation—Railway Vans. 

It is completely beyond the scope of this work ti-> deal with the 
unhitectural aspects of the retiuieite buildings, and, besides, these 
latter have, as a general rule, to be adapted to the special requirements 
of each particular case. Ah that is liere c(mteinplated, therefore, is 
to make a few observations upon the internal arrangement, premising 
that wherever possible it is advantageous to arrange for the delivery 
to and from the store being made from the uppermost stoi-ey. The 
reason fni^ this is obvious, cold air, being heavier than warm air, 
has a tendency to sink to the lowest level, little or no danger exists, 
tlierefore, of its escaping from above, whilst, on the contrary, by rea^ion 
of its weight, it would natuiully be forced out of any open door or 
window placed at a lower level. The possible penetration of heat 
from the exterior to the interior of the store is also greatly reduced. 

Failing tl is plan, all the room.s or chambers in a cold store should 
be arranged to optm into a well-insulated corridor, or, in the case of a 
single cold storage room or chamber, into a porch, lobby, or ante¬ 
chamber, by which means the penetration of heat fi‘om the exterior 
into the room or chamber when it has to be entered to place provisions 
therein, or to remove them therefrom, is lessened. 

Cold Rooms or Chambers. 

A most imijoitant feature in the internal construction of a cold store 
is the insulation, and to this subject it is intended to revert at some 
length later on in a special section of this chapter. 

At the Southampton Docks four cold stores or chambers, having a 
joint capacity of 47,000 cub, ft., are refrigerated on the direct 
expansion system by a 6-in. by 12-in. double-acting De La Vergne 
machine having two compressors driven by a 10 H.P. gas engine. -The, 

aSs 
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proper insulation of the stores or chambers has been very carefully 
attended to, and a few hours’ working out of every twenty-four is 
stated to maintain the temperatures sulficiently low. 

The ducts or inlets for the admission of the cold air into the store 
or chamber when the refrigeration is effected by means of a cold-air 
machine, or by air reduced in temperature in a separate chamber as 
before described, are frequently placed as close to the roof or ceiling 
of the room, whether land or marine, as can conveniently be done, 
this having been stated to have been found in practice to be the most 
advantageous position, and the cold air having performed its work is 
drawn off at outlets also situated in this position. It is very doubtful, 
however, whether this is the most advantageous arrangement, and this 
subject will be further discussed later on. 

In packing carcasses in a cold store or chamber, they should be 
placed as close together as possible, taking care, however, to leave a 
free space or clearance between them and the inner lining of the room, 
through which the cold air can freely circulate. 

When hanging frozen mutton before cooking, care must be taken 
that it is so placed that the juice will not run out of the cut end. For 
example, hind-quarters, haunches, and legs must be invarh*,bly hung 
with the knuckle-end downwards; and loins and saddles by the flaps, 
so as to give them a horizontal position. The cut end, moreover, 
should always be presented to the fire first when cooking, thereby seal¬ 
ing it and preventing the gravy from escaping frem the joint. Frozen 
lamb does not need any preliminary hanging, but can be cooked as 
soon as thawed. 

As regards the capacity of a machine required for the refrigeration 
of a cold store or chamber of any given dimensions, it would be 
obviously impossible,' in view of the constantly varying circumstances 
of each individual case, to lay down any hard-and-fast rules. It will 
have to -be separately estimated for each particular installation, in 
accordance with the amount of cooling work which is necessary, and 
which it is desired to perform upon the material enclosed in the cold 
store or chamber, and by the amount of heat that is calculated to 
pass into the latter from the outside, through the walls, floor, and roof. 
It will consequently be thus seen that the capacity of the apparatus 
will depend upon the lowest internal and the highest external tem¬ 
perature, the area of the walls, floor, and ceiling, and also to a great 
extent upon their construction being carried out in a manner more or 
less impervious to heat. > 

Approximate allowance per ton of refrigeration is six beeves if 
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from 600 to 700 Iba. each; ten to twenty hogs. One thousand cubic 
ft. of space per ton for small machines up to 2 tons; 4,000 cub. ft. 
of space per ton for machines from 10 to 15 tons; and 10,000 cub. ft. 
of space per ton for larger machines used for general purposes. One 
thousand gallons of sweet water per ton from 70“ to 40°. These 
figures will be of course affected by climate, construction and exposure 
of buildings, insulation, and management. 

As a general rule, however, it will be found that, owing to the 
circulation of the air, and the radiation through the floor, walls, and 
roof of the chamber, the cubical contents of the air in the latter will 
require to be cooled from eight to fifteen times in every hour, in order 
to ensure the temperature being assimilated to that of the air or gas 
passing out of the machine. 

Tlie following particulars regarding the radiation through walls, cSic., 
are given by Professor Siebel; * “ P the number of square feet con¬ 
tained in a wall, ceiling, floor, or window be /, the number of units of 
refrigeration K that must be supplied in twenty-four horn's to offset 
the radiation of such wall, ceiling, or floor, may be found by the 
formula:— 

^ K = 1 /?»(<-/,) B.T. units, 

or expressed in tons of refrigeration— 


H 


/«_(< - tj) 

284000 


tons. 


In these formuhT t and <j are the temperatures on each side of the 
wall, and n the number of B.T. units of heat transmitted per square 
foot of such surface for a difference of 1 ’ Fahr. between temperature 
on each side of the wall in twenty-four hours. The factor n varies 
with the construction of the wall, ceiling, or flooring, from 1 to 6.” 

For single windows the factor n may be taken at 12, and for 
double windows at 7 {Box). 

For different materials one foot thick tlie following values are 
given for n 

For pine wood - ■ 2'0 B.T.U 

,, mineral wool • I'B ,, 

,, granulated cork - 1'3 „ 

,, wood ashes- • I'd ,, 


For sawdust - I'l B.T.U. 

„ charcoal, powdered 1'3 „ 

„ cotton - - 0-7 „ 

,, soft paper felt - 0'5 ,, 


* oCompond of Mechanical Refrigeration.’ Chicago: H. 8 Rich & Ca, 
1899. 
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For brick walls of different thicknesses the factor u may be taken 
as follows after Box :— 


^ brick 4^ in. thick 

. 


• n =5'5 B.T. uiiita. 

1 „ 9 



„=4-5 

H „ M 




2 18 




8 „ 27 



,.=2‘6 

4 ., ;i8 



,,=2'2 ,, 


For walls of masonry of diffci'ent thickues.se.s the factor u may be 


as follows after Box :— 

Stone walls (i in. thick 

n =()“i 1>,T. units. 

M 12 „ 


18 

n-TrU ,, 

24 „ 

- „-4*5 „ 

„ 89 „ 


„ 86 „ 



German authorities jfive values for u which are less than one-half 
of the values here quoted. 

For air-tight double floors of wo(k1 properly filled underneatb so 
that the atmosphere is excluded, and for ceilings of like construction, 
u is equal to about 2 B.T.U. An air space sealetl off hermetically be¬ 
tween two walla has the average temperature of the outside and inside 
air, hence its great additional insulating capacity. If the air space is 
hermetically sealed inside and outside, it appears that its thickness is 
immaterial; half-an-iuch is as good as three inches. 

If a wall is constructed of different materials having different known 
values for n, viz., »j, rtj, n^, ifec., and the respective thicknes.ses in feet 
(i,, dj, dj, the value n for such a compound wall may l)e found after the 
formula of Wolpert, viz.:— 



In case of an air space perfectly sealed off the factor n may be deter¬ 
mined for that portion of the wall between the air space and the 
outside, which value is then inserted into the foi-mula— 

R = /»(f - <]). 

But in this case while <j stands for the maximum outside temperature, 
t stands for the temperature of the air space, which may be averaged 
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from the inside and outside temperature, taking into consideration the 
conductibility and thickness of the component parts of the wall. 

Fi<'. 187 is a vertical section through the end of a refrigerating 


chamber as designed by the Pdsometer Enpneering Co., LW 
showing an arrangement of cooling pipes on the brine mrculation 
system. The pipes are of galvanised wrought iron, which, being very 
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much lighter and thinner than those formed of cast iron, ensure the 
maximum amount of head room, and thereby enable a considerable 
amount of space to be economised. 



Fig. 1S8.—Arrangement of Cooling Pipes in Ceiling Ixjfts. 'I'ransvei’se Section. 


Fig. 188 is a transverse section through cold storage rooms oi 
chambeits with the cooling pipes arranged in ceiling lofts. 

In the British patent of P. B. Hill, No. 16,25.3 of 1889, is described 



Fig. 189.— Hill’s Arrangement for Refrigerating Cold Rooms or Chan/bers. 
Diagrammatical View. 
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an arrangemrnt in whicli tho refrigerating apparatus, shown in 
Fig. 189, is located on a floor above the cooling chamber. This 
arrangement, moreover, permits the circulation of the cooling medium 
by gravity, so that the use of pumps oi- othei' machinery for effecting 
.such circulation can bo dispensed with. 11 is the refrigerator tank; 
n' is another tank or vessel which is preferably arranged at a lower 



Fig. 190.—Flill s Arrangement fur Refrigerating (iolil Rikitiis oi- Chainliors. 
Klovatiim of ChamlsT partly in Vertical Section. 

level than the refrigerator tank, and is connected therewith by means 
of pipes .T in such a manner that a constant circulation of tho brine 
or other non-congealable liquid from one’tank to the other will be 
maintained by gravity during the reftigeration of the liquid. 

It was stated by the inventor that, by the usi; of tanks connected in , 
this manner, the reservoir or store of cold is greatly increased. The 
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bottom of the cooling tank H may, if desired, serve as the top or ceiling 
of the chamber to be cooled, as shown in Fig. 190. 

The bottom of the tank ii is formed with a series of V-shaped 
portions or corrugations H^, and suitable gutters or channels k are 
arranged beneath the tank, so that any moisture collecting on the 
underside will flow to the lower edges of the corrugations or V-shaped 
portions, and will fall into the gutters or channels, whereby it will be 
conducted away to any convenient place. The dripping of moisture 
from the under surface of the tank into the room or chamber to be 
cooled is thus avoided. This arrangement also increases the area of 
cooling surface and the strength of the bottom of the tank. 

In a later patent, viz.. No. 20,.509 of 1890, the same inventor 
de.scribes means for removing snow or hoar-frost from the refrigerating 
surfaces used for cooling air, which consists in the employment of 
rotating screw-blades or conveyors, or of annular or other suitable 
.scrapers, or brushes arranged to move to and fro, or up or down, in 
contact with the surfaces to be cleared. These screw conveyors, 
scrapers, or brushes are placed within or outside, or both within and 
outside, the refrigerating tubes or chambers. 

F. N. Mackay, No. 16,74.5 of 1886, provides for thj combined 
utilisation of cold air from an air expansion machine and brine cooled 
by an absorption or compression machine. The rooms or chambers 
are partly cooled by the cold air, and the brine from the latter machine 
is circulated through an arrangement of pipes in the cooling chamber, 
to which brine pipes corrugated metal sheets are attached to increase 
the refrigerating effect. Or the corrugated metal sheets may be formed 
into narrow chambers to receive the brine directly. 

To increase the effective surface of cooling pipes F. S. ITiomas, 
No. 2,568 of 1888, forms them with four concavities, or approximately 
star-shaped in transverse section, and also employs lugs or ribs. 

A plan of chilling and freezing by a circulation of cold brine on 
the wall system has teen patented by Hall. In this arrangement the 
congealing or freezing room or chamber is fitted with parallel hollow 
or cellular walla constructed of steel or iron plates, and situated at 
^ort intervals apart. The carcasses to be chilled or frozen are hung 
in the spaces or passages left between these walls, which latter can be 
maintained at a very low temperature by the ccfld brine circulating 
’there through. An advantage possessed by this method is that, owing 
to the extensive surfaces aferded by these hollow or cellular walls 
or plates, an intense cold can be rapidly produced, and the heat very 
expeditiously abstracted from the carcasses, which are thus quickly 
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frozen or connoalwi. On this account, as tlie space taken up by the 
hollow walls is so trifling as not to necessitate any increase in the 
diinensioiis of the freezing chamber for a given number of carcasses, 
the proportion usually allotted to the latter may be reduced, and a 
saving of labour and of depreciation through handling is also effected. 
The carcasses when frozen are at once reinove<l to cold stores or 
chambers kept at a proper temperature tor preserving the contents, by 
a circulation of brine through a system of pipes arranged near the 
ceiling; or air, cooled in the machine-room, may be circulated through 
the chambers for a like purpose. 

On the other hand, howev(ir, these 
hollow or cellular walls are apparently 
open to the objections that they ar(! 
somewhat more difficult to maintain 
tight and free from leakage than a 
system of pipes. The shallow space 
left between the walls would also seem 
to be iable to b(‘corne choked by any 
foreign matter in the brine, and from 
deposits f" in. the latter; this, how¬ 
ever, is said not to bo found to b«! the 
case in practice with brine circulation, 
and the arrangement is not suitable, 
or intended, for the direct expansion 
system. 

In order wi facilitate and hasten 
the operation of chilling and freezing, 
and lessen the handling to which it 
is necessary to subject the carca.sses, 
an arrangement for slowly traversing the latter through the freezing 
or congealing chamber or room has also Ixien devised by the same 
inventor, wherein an endless chain provided with hooks at proper 
intei vals for hanging the carcasses, and operated by suitable gearing, 
is provided. 

Rig. 191 shows a cold storage room or chamber designed by 
Mr W. 0. W illiamson, and patented in 1909. Brine from trays 
located in the upper part of the room and containing ice and salt 
in baskets flows successively through tanks arranged round the sides 
and ends of the room, and from the last tank to a space between trays 
arranged on the floor, finally being discharged through a suitable pipe. 
The pipes conveying the bi-iue from the upper trays to the tanks 
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are so aii'aii''ed that a certain amount of brine always remains in 
tlie trays. 

A patent was taken out at the beginning of tbe year 189.5 by Sir 
A. S. Haslam for an impi'oved apparatus for cooling air to be circulated 
through cold storage roonrs. Tlu; main feature of this invention con¬ 
sists in tbe provision of an air cooler or chamber, wherein the air or 
other gas to b(! cooled is carrusl between a number of fixed vertical 
metal plates, down wbicb cold brine or other uncongealable li(juid 
is constantly caused to flow. These plates or diaphragms are as 
shown in the plan, big. 192, whicdi illustrates an arrangement for use 
in connection with a meat chamber, preferably of a corrugated form, 
and their lower extremities are placed either in or above a receiver 
for the liipiid which trickles down their surfac(!S. 

To maintain th(! plates or diaphragms at suitable distances apart, 
and parallel one with the other, distance-pieces or blocks arc placeil 
between them at the top and bottom, which ilistancc-pieces have lugs 
or reces.seM on their sid(!s to provide passages for the li(|uid. The 
tops (jf the upper distance-pieces form the bottom of a bulk supplied 
with the cold liipiid, and from which it flows down the plates in thin 
streams; and they have, moreover, vertical projections atooach end, 
which together form tbe ends of the tank. Above this tank arc situated 
suitable numbers of troughs or pipes, and a shower of brine at a 
low temperature, drawn or lifted from the receiver below, in which it is 
cooled by a pump or otberwi,se, is distributed over the bottom of the 
upper tank, from whence it trickles down the surfaces of the corru¬ 
gated or other plates, or diaphragms. Through the spaces or clear¬ 
ances provided between these plates a current of air is driven by means 
of a fan or blower, tbe blast being divided by the corrugated 
plates into a number of thin sinuous currents, and being reduced to a 
very low temperature by impinging against their surfaces and the cold 
fluid trickling down their sides. It has been found in practice to 
be preferable to place the aliove-described plates or diaphragms as 
close together as can possibly be done without injuriously checking 
the flow of air. 

Flat plate.s, or plates with horizontal corrugations, are not found 
to be so advantageous, because the air can pass between them in a 
straight line, instead of being compelled to wind backwards and 
forwards between the corrugations and impinge again and again against 
the cold liquid and the surfaces,of the plates; in the case of flat 
plates, moreover, they have to be much thicker in order to ensure the 
requisite stiffness. 
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This cooHrij! Ijattery is said to have given very favourable results 
under most exhaustive practical tests. 

Another arrangement for cooling air for circulation through cold 



storage rooms, which was patented in the latter end of the year 1900 
by Mr T. Douglas, is shown in vertical central section in Fig. 193. 
The construction of the apparatus is almost sufSciently apparent from 
the drawing. It consists briefly of a cylindrical or other tower or 
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receptacle suitably insulated and having a cliamber charged or filled 
with coke broken up into pieces of suitable dimensions. Above this 
charge of coke is provided a rose spraying apparatus by which cold 
brine from the evaporator or refrigerator of the machine is distributed 



Fig. 193.—Douglas’ Patent. Apparatus for Cooling Air for use iu Cold Htorage 
Rooms or Cliumbers. Vertical Central Section. 


oyer .the coke and trickles down over the same to a brine reservoir 
in the bottom of the tourer, from, which it is pumped back to the 
■ evaporator or refrigerator. The air to be cooled is forced into the 
bottom ofihe tower by moans of a suitable fan, and up through‘the 
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coke to a lold-air delivery trunk through which it is conducted to 
the cold storage chamber. 

A series of tests carried out with an air-cooling apparatus of thb 
description at Messrs Win. Douglas & Son’s, Ltd., works, Putney, 
showed a high degrtHi of efficiency, and gave in every case a remark¬ 
able approximation between the temperature of the air at the exit 
from the cooler and that of the brine return to the evaporator. This 
approximation became closer, when the refrigerating machine was shut 
down, as the temperatures of both the brine and the air rose, and 
proved that the coke was an e.xcellent medium for bringing the air into 
contact with a very large surface of cold brine and thus extracting the 
maximum of heat from the air. A suitable spray trap can be provided 
in the cold^ir delivery trunk, or other meansadopted for drying the air. 
The brine can be kept up to a proper density by either periodical con¬ 
centration, or by running out the surplus brine and strengthening the 
reniainder. 

An advantage possessed by this apparatus is its relative cheapness, 
and it can .also be readily modified in design to suit different require¬ 
ments. For instance i( may lie elevated above the level of the evapo¬ 
rator or irefrigerator so that the brine will return to the latter by 
gravitation, or where this is not possible it may be connected to 
a brine storage tank, from which the brine can lie pumped back 
to the evaporator, or the foot of the tower may be made into a 
brine storage tank as shown in the illustration. The evaporating coils 
may be placed in the lower part of the tower, thus combining air¬ 
cooler and evaporator in one apparatus. In cases where height is not 
available two or moio towers racy be placed alongside, or a horizontal 
tower may be formed with diaphragms dividing the coke. 

Other arrangements for cooling air by direct contact with cold 
brine are the use of rotating di.scs dipping in the cold brine, sacking 
or canvas saturated with cold brine, ikc. Attempts have also been 
made to draw or force air through a body of cold brine, but this latter 
method does not appear to have proved a practical success. 

In Fig^ 194 is shown in vertical central section an arrangement 
designed by Mr Madison Cooper for washing, cooling, and drying 
air, mote especially for use in cold storage rooms for eggs. This 
apparatus consists of three parts, viz., first, an air-washing tank, in 
which the air is caused to How upwards against a rain of water 
from a perforated diaphragm above. This not only cools the air 
to the temperature of the water, say 55 or 60 Fahr., but it also 
takes out a lai'ge portion of the impurities of various kinds. Froin 
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receptacle suitably insulated and having a cliamber charged or filled 
with coke broken up into pieces of suitable dimensions. Above this 
charge of coke is provided a rose spraying apparatus by which cold 
brine from the evaporator or refrigerator of the machine is distributed 



Fig. 193.—Douglas’ Patent. Apparatus for Cooling Air for use iu Cold Htorage 
Rooms or Cliumbers. Vertical Central Section. 


oyer .the coke and trickles down over the same to a brine reservoir 
in the bottom of the tourer, from, which it is pumped back to the 
■ evaporator or refrigerator. The air to be cooled is forced into the 
bottom ofihe tower by moans of a suitable fan, and up through‘the 
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Fig. 195. .-Arraiigouiont of Cooling I’ipcs in a Beef Chill-rooin, titled with the 
1)0 La Vergno Patent Pipe .System. Tiansverso .Section. 


i. 



Fig. 196—Beef Chill-rooms in Cold Store, fittwl with Haslam Patent Brine- 
Cooling Battery. Transverse Section. 
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water falling from the cooling pipes, upon the exterior surfaces of which 
the moisture present in the atmosphere of the room or chamber be- 



Fig. Ift7.—Refrigerating Installation on the Humboldt 83 'steni, ei'ec. te<i at 
Municipal Abattoir, Riga. Plan. 
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in the room or chamber by reason of the shutting down of the machine 
or from other cause. This dripping is, as has been already mentioned, 



more especially liable to occur in cases where the direct expansion 
system of cooling is in use. 
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Figs. 199, 2(X>, and 201.—Kefriguratiiig Installation on the Humboldt System, 
erected at Abattoir, Riga. Transverse Sections. ' 
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Fig. 196 is ,1 .sectional view showing the arrangement of a cold store 
with beef chill-rooms cooled or refrigerated by means of a Haslam 
j)atent brine air-cooling battery. 

The open trough .sy.stem has been already alluded to, and it is one 
of great simplicity, and is frequently used for the hog-cooling rooms in 
bacon factories. Two, three, or other suitable number of troughs are 
usually placed in line, vertically, one above the other, over each hook 
or hanging rail, and the flow of brine can he regulated by any well- 
known and convenient, means. A large surface of cold brine is in 
this system advantageously exposed tor absorbing heat; on the other 
h.and, however, the open troughs have the disadvantage of taking up 
a v<!ry considerable amount of valuable space. 

Figs. 197 to 201 show a meat cooling plant on the Humboldt 
system erected by them at the municipal abattoir, Riga, Russia. This 
plant is arranged with dry-air coolers for direct evaporation, the tjrpe 
of cooler employed being the Fi.xary improved by Humboldt in accord¬ 
ance with tlie dictation of their experience in the requirements of 
plants for this purpose. 

The cooling pipes are arTanged in the chilling, cooling, and curing 
rooui.^ »if bacon factories in a number of other different ways, the 
system having freciuently to bn specially adapted to the existing 
buildings. iSometimes the pipes are placed in the form of coils in a 
separate ehamher or loft provided in the ceiling of the main room or 
chamber (as shown in Fig. 202, which shows an installation on the 
direct expansion system), and air, admitted through suitable apertures 
from theio<jm beneath, or by means of ventilators, and cooled by pas- 
,sing over the surface of these c oils, is allowed to circulate by gravity, 
or is rapidly circulated by means of fans through the room below. A 
somewhat similar arrangement of brine or cooling pipes is also often em¬ 
ploye 1 in beef and other meat rooms. An advantage of this plan is 
that it effectually prevents any dripping and moisture in the chill-room. 

In an arrangement designed by Mr Puplett, the refrigerating pipes 
or coils and circulating fan are fixed in a separate compartment quite 
distinct from the cold rooms, hut connected therewith by trunks or 
ducts. The cooling is effected by the constant circulation through the 
chill Or meat rooms of a current of air that has first been cooled by 
passing it over the refrigerator. Tlie air is washed and purified by 
being passed through a series of sprays of cold brine, and then over 
the refrigerator, by which it is. dried and reduced to any desired 
temperature. The fan draws the air from the rooms through the 
suction trunk, and returns it by the delivery trunk after it has passed 
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through the refrigerating chamber and been washed, cooled, and 
dried; the air thus becomes colder, and is purified each time it passes 
over the refrigerator. 



t Another method of arranging the cooling pipes is to provide coils 
. on the sides of the chill-room, or where the chamber is of considerable: 
dimensions, in rows placed vertically at suitable intervals lengthways of 
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the latter, the carcasses Ijeing suspended by hooks in the usual manner 
from meat or hanging rails, situated overhead, between the coils. 

When the refrigerating pipes are placed directly in the cold store, 
■suitable drip-trays (as shown in Fig. 195) can be provided if reciuired. 

Refrigerating machines arc likewise very ailvautageously employed 
in bacon-curing factories or works, for enabling mildly-cured bacon to 
be produced in summer, by artilicially reducing the temperature of the 
chill-riKuns and curing-cellai's. 

jV usual arrangement is .shown in Fig. 203, which compi'ises rows 



Fig. go;).—Ai rangenitint ol Cooling Pipes in Chill-vooni and Curing-cellar 
in liu-on Factory. Transverse Section. 

of cast-iron Hanged pipes which are fixed overhead, preferably sus¬ 
pended from the ceiling, over the whole area of the chill-rooms and 
curing-cellars, ayd tlnnugh which system of pipes brine cooled in the 
usual manner is circulated so as to lower the temperature of the rooms 
to about 40"^ Fall! By means of cocks provided on the different 
brancli mains the speed of the flow of brine through the various 
circulations, and consequently the temperature of the rooms, can be 
regulated, and reduced, or increased at pleasure. In factories of 
moderate size tlie machine may usually be stopped at night and on 
Sundays, the cold stored up in the brine in the pipes being enough to 
20 
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keep the teinperatui-e of the room sulKcieiitly low; in very hot woatlier, 
and in very largo establishments, however, the machine will have to be 
run continuously night and day. 

Both tlu! chill or cooling rooms and the curing-cellars are fitted 
up in practically the same manner; the work in the chill or cooling 
rooms where the liot meat is cooled down is much greater in proportion 
to their size, however, and is moreover intermittent, couseijuently a 
proportionately larger numter of brine pljics are placed therein, and 
the brine i.s turned on or off as the rooms are full or empty; on the 
other hand the work in the curing-cellars is less and regular, and, 
therefore, a much smaller number of brine pipes are required, the 
circulation of brine being kept up all the time the machine is running, 
and a perfectly steady and even temperature maintained. 

The reason that artificial refrigeration is now imperatively required 
in Imcon-cui’ing works is on account of the demand that has arisen for 
mild-cured bacon. Formerly the pigs, after being kilhid, were cooled 
sim'ply by exposure to the atmospheric air, being subse(iucntly cured 
in underground cellars at the temperature of the earth, or from 52° to 
55° Fahr. In order to prevent the rapid decomposition, and con¬ 
sequent taint of the bacon which would otherwise inevitably occu rut 
these comparatively high temperatures, the latter was charged with an 
excessive amount of salt as a preventative. This excessive salting was 
indispensable in summer especially, when, indeed, curing was almost 
prevented, although bacon at that season is in the greatest demand, 
and the highest prices are obtainable. The modern requirement, 
however, for more and more mild-cured bacon has rendered absol¬ 
utely necessary an artificial reduction of the -temperature of the chill- 
rooms and curing-cellars. 

The first attempts in this direction were made by constructing the 
cellars with iron ceilings, on the tops of which were stored large 
quantities of ice, a system which is found to be, when properly carried 
out, sufliciently effective, but is very expensive, not only by reason of 
the first cost of the iron ceilings and the necessary supports, but also 
by reason of the space occupied by tire ceilings and ice chambers, 
*nd furthermore on account of the large outlay entailed for the ice 
itself, and the labour of handling it. There is, besides this, the risk 
of the supply of ice running short in the hot weather, with, of course, 
disastrous results. 

Fig. 204 is a horizontal section showing a plan of a small cold 
storage chamber of 1,000 cub. ft. capacity, adapted for the use qt 
butchers, &c. ■ The refrigeration is effected by a Haslam cold-air’ 
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machine, of 6,000 cub. ft. per liour capacity, arranged to l>o driven 
dii*ect by means of a gas engine. A is the gas-engine cylinder, n the 
air-compression cylinder, and c the expansion cylinder. The air-com¬ 
pression cylinder n is arranged horinontally in front of, and in line 



with, the cylinder A of the gas motor, and the expansion cylinder c is 
placed vertically, and works a disc secured upon the opposite end of 
the crankshaft from the fly-wheel. 

The advantages of a gas motor for driving tlie small cold-air 
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machine requin^l fur an installation of this (lesoription are obvious, 
and comiirise: non-increase of fii’e insurance premium, and ability to 
start the machine at any time, without having to wait to get up the 
necessary sbuim pressure in a l)oiler, as must b(^ done in the cas(! of a 
steam-drivam cold-air machine, and, moreover, except where gas is at 
an abnorjiially high price, a considerable economy in cost of running. 

Fig. liO.h is a pcu’speetive view, the end wall and a portion of the 
front wall Ixung removed, showing a small cold .store or chamber, 
refrigerated by means of a Fuplett patent ammonia compres,sion 
machine, which chambei- is especially designed for butchers, hacon- 
curers, dairymen, fish and game dealers, &c. Chamlwrs of this 



Kig. Saudi Cold Store lor Hutchors, &c., Cooled by aii Amiiioiiin 

, Compression Machine. 


description are constructed with an outer and an inner skin, each of 
which is copiposed of two layers, of 1-in. tongued and grooved board.s, 
put together perfectly air-tight, and having an intervening space oi- 
clearance of about 8 in., filled with charcoal, cork, or other good non¬ 
conducting material. The dimensions of the chambers, as usually 
constructed, vary from a storage capacity for frozen meat of 6 to 60 
tons or more, and their daily meat-cooling capacity to 32° Fahr. runs 
from 20 cwt. up to 200 cwt. or more. ' 

In Fig. 206 is shown in vortical section a small cold storage room 
cooled by a Triumph ammonia compression machine, which would be 
suitable for an hotel or private residence. A plant of this description 
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can be readily operated by an ordinary man without tbo help of a 
.skilled attendant, and would only recjuire about an bour s attention 
duriii" the day. Tlie brine tank abovvn in the drawin!» keep,s the refri- 
geratim or cold storage chamber cold during llu^ night. The com- 
pres.sor, winch is of the double-acting horizmd.al type-, is mounted upon 
a strong tank forming the cmidenser, and can he operated by any 
available source of power. A dt^scription of the Triumph compre.ssor 
will be found in the chapter upon “ Ammoida Compis'ssion Machines.” 

Fig. 207 diipict.s the arrangement of a one-ton ice-making and 
refrigerating plant in an hotel, in which, it will Ix' stsm, a number of 
.sei)arate cold storage rooms or chambers for different class<!K of pro- 



Fig. 2(Mi.—Small Cold Slorago Room tor Hotel or Private Rosidenoc. 
Vertical Section. 


vi.sion.s are ]irovid(si. Thi'- installation is cooled by an ammonia com¬ 
pression machine made by the A. H. Tiarhei- Manufacturing t)o., 
Chicago, which type is also described in the chapter mentioned above. 

Tt is usually advi,sahle to provide in the kitchen of tin hotel, or 
adjacent thereto, a short order box, which enables the too frequent 
opening of the main cold storage room or chamber to he avoided. 
This box iiwiy h. cooled by a set of pipes, through which the cold 
brine, or, when direct expansion is employed, the refrigerating gas or 
medium, passes on its return to the machine after doing duty in the 
main cold store or chamber. 

Arrangements can also be made for cooling carafea, fi-cezing ice 
creams, and cooling the bar box. 
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The cold storage room in an hotel doe.s not, of course, differ mate¬ 
rially in any respect from any other, but the peculiar requirements of 
an hotel, and the great difficulty experienced in getting the servants 
to understand the necessity for judicious and careful management, are 
frequently very great. 

To avoid the undue fwlmission of heat to such cold storage rooms 
or chamb(?rs by cai'cless persons leaving the doons open, and to render 
it impossible for anyone using tlu^ cold storage room to do this under 
any circumstances, the author has devised the <loor .shown in horizontal 
section in Fig. 208, and in vertical section in Fig. 209. T'his door is, 
it will be .seen, of a cresismt or semi-cylindrical form, in horizontal .sec- 



Kig. 207 . —Cold Storage Rooms and Ice-Making Plant in Hotel. 
, Perapective View. 


tion, and is mounted upon a central axis, so as to be free to turn 
or rotatq etisily thereon in a suitable casing having two apertures, 
the one opening into the cold storage chamber and the other to diht 
exterior, and between the inner surface of which casing aqd the outei 
surface of the door an air-tight joint is made by means of stripe ol 
' india-rubber, felt, or the like, or by spring-actuated rubber or felt 
, faced strips, &c. 

A. Xo this door tlie aperture or opening admitting to the interim 
of the same is brought opposite the one or other of the aperturei 
or openings in the casing by revolving the door upon its axis, spnl 
handles admitting of its ready manipulation. The person desiring 
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Figs. 208 and 209.—Rotating Air-Lock Door for Cold Storage Rooms in 
Hotels, Ac. Sectional Elevation and Hori/.oiital Section. 
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to pass tlirough then steps iaside the hollow semi-cylindrical door 
and rotates it until the aperture or opening thereof coincides with 
the other or second aperture in the casing, wlmn he can pass out 
through the latter. 

Shelves in the interior of the door admit of a number of dishes 
being |)laced thereon and moved into thc' cold storage chamber at. one 
operation, or of being turned so as to communicate with the eohl 
■storage chamber, and brought back again when required. 

It will Ix! seen that it is impossible to tuim this door so as to open 
a through communication between the interior of the room and the 
exterior, and the interchange of air at each opening of the d<ior is 
consequently limited to the cubical contents of the hollow or semi- 
cylindrical door itself. 

Vrntilation of Cold Htoraoe Chambers. 

The ventilation of cold storage rooms can be effected in a numlier 
of different ways, but as a general rule no provision whatever of a 
special nature is made for the removal of the vitiated air, it being 
considered that sufficient change of air is brought about by the opening 
of doors, Ac. In fact, as removing any of the cold air entails the 
necessity of replacing same by more air at the same low temperature, 
and thereby necessitates ailditional refrigeration, there is the same dis¬ 
like to ventilation as exists in tht; case of a warm room whi're ventila¬ 
tion demands the admission of the cold external air, and tin; expendi¬ 
ture of more fuel to heat it. 

The various expedients resorted to for the ventilation of cold 
storage rooms comprise, in addition to the opening of doors almve 
alluded to, the occasional opening of windows, where such exist, the 
provision of ventilating shafts in the ceilings, and, what is perhaps 
the most efficient, by artificial means, through an exhaust fan connected 
through, suitable pipe.s—fitted with doors or valves--with the cold 
storage room. 

When ventilating shafts are provided, and there are.a number of 
cold storage rooms contained in the same store, the ducts or pipes 
may be placed in the eorridors, each room being connected thereto 
through a pipe with a valve or damper so as to enable the amount of 
ventilation to be properly regulated, and the various ducts or pipes 
from the corridors having a common termination in the chimney stack, 
which latter provides a means for efficiently ventilating the rooms at 
all times. ■ 
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It mu.st bo rememborocl tlmt in cold storaf'e rooms or (diambors the 
air, being cold, sinks to the bottom, and that tlio toiid<>noy is therefore 
for it to escape through the crevices about the doors, or when the 
latter are opened, and thereby create a dosMi-draught so as to render 
any attempt to ventilate by means of a short shaft without artificial 
means to produce an air current abortive. 

Moisture has the ])ropertv of absorbing gases and imjiurities, aiul 
cons(sjuently tlm moistui’c in the air of a cold stoi-age i-iKim will take 
up all the emanations from the stored prcslucts. It follows, therefore, 
that if the air bi^ subsequently relieved of its moisture it will be prac¬ 
tically purified, as most of these gas(>s can 1 h' romoved. 

All atmosjiheric air contains thi' germs of fungus or mould, which 
germs are very rajiidly develope<l under such favouratile conditions as 
the presence of a lai-ge amount of moisture in the air, and high lem- 
piwatures, but are destroyed .ind removed from air in a dry and cold 
condition. This moisture can only be removi'd by (insuring a proper 
circulation of the air of a cold storage immjiu relatively ts) the articles 
stored therein and the refrigerating pipes or other cooling surfaces. 

•Circulation or Aik in Cold Storaoh; Chambers. 

The circulation of air in cold storage rooms or chamlxirs is a 
matter of primary importance, and one which in too .lany cases dixis 
not n'ceive the attention which it diiserves, with the result, more 
especially in the case of small rooms or ehandsu’s, that the condition 
of the atmosphere is anything but sati.sfactory, and great difficulty is 
e.vperienced in loHiping provisions in good condition in them. 

There are two main systems of air circulation in use, viz., the 
gravity air circulation and the nu'chanical orforeisl air circulation. 

The following particidars are extract('d from three interesting and 
instructive artiedes by Mr Madison Cooper, a well-known expert upon 
refrigerating matters in the United States, and which articles appeared 
in the American journal /cc aiui lie/rir/eratioii,, for May, June, and 
August 1904. 


..“Methods of Pipino that Hinder Circulation. 

“ When mechanical refrigeration first came into the field, the 
arrangement of cooling surfaces and a provision for air circulation was 
neglected alxiut as it was by the. pioneers in natural ice refrigeration. 
The coefiing pipes were placed almost anywhere, regardless of the laws 
of gravity which contn J air circulation. At first the ceiling of the room' 
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was a favourite place for locating tho coils of pipes for cooling the room. 
The ceiling was utilised because thus the pipes wore out of the way 
in piling up goods, and also on the theory that ‘cold would naturally 
drop.’ Cold, or, more accurately speaking, cold air, will naturally 
drop, but placing the pipes on the ceiling of a room will not assist the 
circulation; it will, in fact, produce practically no circulation at all 
if the whole ceiling of the room is covered with pipes uniformly. 
Ceiling pipes have generally been abandoned for the more rational 
method of placing the pipes on the aid(^ walls of the room. 

“Fig. 210 shows ceiling piping, and should make plain why no 
circulation is created when the pipes cover nearly the whole t<')p of 



Fig. 210.—Diagram showing Uravity Air Circulation in Cold Ktorago Koom 
Chamber, with Ceiling Piping. 


the room. As is well known, cold air is heavier than warm air and, 
if free to move, the cold air will seek a lower level than the warm 
air. This movement of the cold air downward and the warm air 
upward is what is known as gravity air circulation. A alight difference 
in the temperature will cause a circulation of air if the warm and cold 
air are separated from each other and not allowed to mix, which would 
cause counter-currents and retard the circulation. In a cold storage 
room the air in contact with the cooling coils, as it is cooled, flows 
downward towards the floor by reason of its greater specific gravity. 
The comparatively warm ah' above is drawn down to the pipes, where 
it is in turn cooled, and the flow is continuous. If the entire ceiling 
^ is covered with pipes, what results 1 The air in contact with the 
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pipes cannot fall because it cannot be replaced by warm air from 
above. The re.sult is that practically no circulation of air takes place 
in such a room. A slight local circulation in the vicinity of the pipes 
is all that results, except under unusual or accidonW conditions. The 
gomis are cooled for the most part by direct conduction and ladiation ; 
the top tier of goods would bt* cooled directly from the pipes and each 
tier under successively from its neighbour above in the same manner. 

“Goods are, cooled by radiation by the passage of heat from the 
goods directly to some colder object, without the heat being conveyed 
by the movement of the air, as it should bo, and as it is where a gotai 
circulation is present in the room. Tn a room in which the goods 
are cooled by radiation mo.stly, the moi.sturo instead of l)eing deposited 
entirely on the cooling pipes, as it should is also likely to be 



Fig. 211. -Diagram showing Oravity Air Oireulation in Cold Storage Koum or 
Chamber, with Side Wall Piping. 

deposited on the w.alls of the room or on the ;,'oods themselves. Tlie 
result of such a condition would l)e serious. This cooling by radiation, 
as compased witli cooling by a circulation of air, may seem like a very 
finely sphn theory to some, but let the sceptic watch his house for a 
demonstration. Is there any practical cold storage man now in the 
business who has not noticed an accumulation of frost or moisture on 
goods if th^y were piled tof) near to the exposed cooling pipes i What 
causes thik result ? lladiation, nothing else. 

“Thd^bad effects of radiation cannot be altogether overcome by 
placing the pipes on the sides of the room, but it is counteracted to 
some extent by the resulting circulation of air. Fig. 211 shows side 
wall piping and the resulting circulation, which is confined largely to 
a .small space near the coils. The arrows show approximately the path 
of circulation. If the room is wide, no circulation at all will take place. 
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near the centre. Tn some cases pipes have been c,arelessly placed two 
or three feet down from the ceiling. This results in the air of the 
room becoming stratified—a warm layer of air in the top of the room 
resting on a cold layer beneath. Thi.s may be operative to such an 
extent as to cause a differetice in temperature, between tlooi- and ceiling 
as great as 10° Fahr. A case has come to the writer’s notice with 
exactly these conditions. Another hiul arrangement of side wall 
piping was that of a room more than f)0 ft. .s(piar(! pipcxl completely 
around on the side walls from 11(H)r to ceiling, with the exception f)f 
the doors. No cii'culation could penetrate to the centre of such a rcHnn, 
and conditions were very poor in con.sequence. 

“Mran.s Foil Tmi'uoving Air CiiicuL.vnoN. 

“ The placing of a screen or apron in front of the side wall pijiing, 
as illustrated in Fig. 212, marks the first scientific step loward a ladter- 



Fig. 212.—Diagram .showing (Jrnvity Air Circulation in Cold Rtorago Room or 
Chamber, with Screened Wall I’iping. 

ment of air circulation in a room with direct piping. It prevents the 
action of radiation, and assists the volume, velocity and area of circula¬ 
tion, but does not well take care of the centre of the naim, although the 
increased velocity forces the air to cover a greater area and flow to 
a greater distance from the coils. The screen or apron should be of 
wood or any moderately good non-conductor. By .separating the 
warm from the cold currents of air, the velocity is increased on the 
same principle that a fire burning in a flue creates n greater draught 
thrtn when burning in the open air. Radiation is prevented in the 
same way that a fire screen protect^ one from a too hot fire in a grate, 
only the radiation, as already explained, is in a rev'erse direction. ‘ 

“ Shown-in Fig. 213 is the same arrangement of screen or apron as 
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in Ki". 1212, bul. added t.beretn is a false eeilinp: exb'uding out t<)ward.s 
tlie centre of tlic', room. Tliis addition to tlu' }>eri)endicular apron 
causes tlie air, aftoi' circulating over the coils, to s]>read out more 
towards the centre of the riHaii iuid cover the cross-sectional area mucli 



Fig. 213.—Diagram sliijvvnig (Iravil . Air t.'lrculalimi m Cold Storage Itoom or 
Clianilier, with Sereeued Side Wall l'i|iing and Celling Kxlensions, 

more uniformlv. While it di’creases the velocity proportionately, it 
is eonsiileiKd a, snpi'rior aiTangenient to the perpendiculai' apron alone, 
placed in front of the eoil. The false e.eiling should have a slant of 
about I ft. in 10, and the opening on the outer edge near the 



centre of room need not he over 3 or 4 in. in depth in most cases. 
Without the false ceiling some space must be left for a circulation 
of air at the top of the room; witlj it, the goods may te pileil close 
up to the false ceiling, so no space of consequence is wasted in it- 
“The arrangement shown in Fig. 214 was first originated by Mr 
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3. M Gay, as wa,s descriljerl in the August 1897 issue of he mid 
h/riyeration. Barring tlie space occupied, it is by far the best 
irrangement of room piping now in use. The following is quoted from 
Hr Gay’s description: ‘ Upper pipe.s of box coils should be about 
.0 in. below ceiling of room, to prevent sweating. When brine or 
iminonia is turned into these pipes the cold air around the pipes 
eeks an outlet downward, and paases between the false partition and 
he side wall of the room, thus displacing or pushing along the air 
n centre of romn, the cold air naturally seeking the lowest point, 
ind the warm air the highest point, each hy reason of its relative 
p-avity. Thus, as the cold air falls from the cooling surfaces, it 



Fig. 215.—Diagram showing Gravity Air Ciiculatiun in Cold .Storage Room or 
Chamber^ with the St Clair Ripe Loft System. 

is replaced-by the wai'm air from highest point in centre of room. 
This securtss a natural circulation and a dry room, there being no 
counter-currents nor tendency to precipitate moisture on walls or 
ceiling.’ Mr Gay’s remarks regarding his system apply "with still 
greater force to the St Clair system, and to a greater or lesser extent 
to any systm which provides for a reinoval of the cooling pipes from 
the room. 

“The St Clair system, illustrated in Fig, 216, is sometimes called 
the pipe loft system, because the> cooling pipes are placed above the 
storage room in a pipe loft or coil room. This is a favourite arrange¬ 
ment where ah overhead ice cold storage house is equipped with the 
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meclmnioal systx'tn. In this casB the pipes are placed in a portimi of 
the old ice-room, and jaiihaps the old air ducts used for air circulation. 
If the storage house consists of several floors of storage, the pipe loft 
tnay be placed at the top and the rooms below all ccaflod from one 
pipe loft, but a much better method is to have an independent coil 
room for each room, and circulate the air through s(;|airate air ducts. 
Tliis prevents contamination from foreign orlours when different 
pnslucts are stored in different rooms. 

“ The circulation is more vigorous and effectivii with the, St Clair 
system than with any pipe-in-the-r(K)m .system, de[)en(ling on the law 
that the higher the column of air the stronger the draught, in the same 
manner that a tall chimney gives a stronger draught than a short one. 
The effl'ct of this is to pi oduoo a good circulation of air with a com¬ 
paratively small variation of temperature. The St Clair system is 
also Imtter because by suibible t.ap doors on the air ducts the pipes 
may be hut off from the room, when tin! temp(’rature is such outside 
as not to require, the circulating of the refrigerant. The necessity of 
keeping i he air of a sbu’age room from contact with the frosted pipes 
when the refrigerant is shut off will lx; considered in connection with 
the forced*,!, fan circulation system, to be described further on. 

“Mechanical or Forced Air Circdlation. 

“The simplest, and probably the most un-scientific, form of 
mechanical air circulation in cold storage rooms is the small electric 
fan. Those fans are of the four or six-bladed disc ty])e, of from 12 
to 18 in. diameter, attiulnil directl}' to the shaft of an J or J H.P. 
electric motor. Tlie electric current for operating is usually obtained 
from the .socket for an incandescent electric lamp. Electric fans are 
usually placid on the flisir in the end of an alleyway, or in an opening 
in the piled goods, and are used for creating a flow of air from one 
extremity of the room toward the other. If the circulation is strong 
enough, these fans tend to create a uniform temiieratui-e in the room; 
but, as the air from the fan will follow a path of least re.sistance, the 
circulation resulting from their use is largely confined to the alleyways 
and openings in the piles of stored goods—it does not penetrate 
through and behind the goods where it would be most useful. 

“ The use of this type of fan in cold storage rooms is of doubtful 
utihty, and is liable at times to lead to a p.Bitive harm by causing a 
condensation of moisture on the goods in storage, as a result of the 
warm upper stratum of air coming in contact with the cold goods m 
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the biittmn of the l•o(nn. In some eases electrii^ fans have been used 
to projK;! the air from tlie cooline [lipes, for which purpose they are 
placed in an o])ening in a screen or maiith^ covei'ing the pipes, foi'cing 
the cooled air outwardly into thi^ room. This is a first step toward 
scientific forco<l circulation, and is useful as far as it goes. In many 
cases the, electric fan is usdul only as a ‘talking point,’ as it is like.ly 
to impress a pcu’son who is not familiar with cold storage work, with 
the cooling powtu' of the I’efrigerating apparatus, to stand for a few 
seiionds in tlu; Im'e/.o created by one of these high-speed fans. Their 
use has been adopted to an (extent not at all w.arranted by the results 
to be obtained, and they will no doubt be gradually discontinued as 
the f.'diacy of the id(;a becomes apparent. 



Fig. 216.—Diagram sliowing Mechanical or Forced Air Circulation, with Air 
forced into the Kooiii at each end, and drawn out at centre. 

“ Those who use electric fans as above described, by so doing admit 
the superiority of forced circulation over the gravity system, and also 
admit that their rooms arc in bad condition, and that .some mechanical 
moans of agitating or circulating the air is necessary. Instead of subh 
a poor makeshift, it seems that they will eventually bo forced to instal 
,a scientific system of forced circulation. 

“ A system which has been installed in several large houses in the. 
United States, and to some extent elsewhere, consists in placing the 
refrigerating pipes outside the storage room, and using a fan to propel 
the air to and from the room. Rig. 216 shows a floor plan of a room 
so equipped. The air is forced into the room at each end, and the 
return air to-coil-room drawn out in the centre as shown. The cold- 
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meclmnioal systx'tn. In this casB the pipes are placed in a portimi of 
the old ice-room, and jaiihaps the old air ducts used for air circulation. 
If the storage house consists of several floors of storage, the pipe loft 
tnay be placed at the top and the rooms below all ccaflod from one 
pipe loft, but a much better method is to have an independent coil 
room for each room, and circulate the air through s(;|airate air ducts. 
Tliis prevents contamination from foreign orlours when different 
pnslucts are stored in different rooms. 

“ The circulation is more vigorous and effectivii with the, St Clair 
system than with any pipe-in-the-r(K)m .system, de[)en(ling on the law 
that the higher the column of air the stronger the draught, in the same 
manner that a tall chimney gives a stronger draught than a short one. 
The effl'ct of this is to pi oduoo a good circulation of air with a com¬ 
paratively small variation of temperature. The St Clair system is 
also Imtter because by suibible t.ap doors on the air ducts the pipes 
may be hut off from the room, when tin! temp(’rature is such outside 
as not to require, the circulating of the refrigerant. The necessity of 
keeping i he air of a sbu’age room from contact with the frosted pipes 
when the refrigerant is shut off will lx; considered in connection with 
the forced*,!, fan circulation system, to be described further on. 

“Mechanical or Forced Air Circdlation. 

“The simplest, and probably the most un-scientific, form of 
mechanical air circulation in cold storage rooms is the small electric 
fan. Those fans are of the four or six-bladed disc ty])e, of from 12 
to 18 in. diameter, attiulnil directl}' to the shaft of an J or J H.P. 
electric motor. Tlie electric current for operating is usually obtained 
from the .socket for an incandescent electric lamp. Electric fans are 
usually placid on the flisir in the end of an alleyway, or in an opening 
in the piled goods, and are used for creating a flow of air from one 
extremity of the room toward the other. If the circulation is strong 
enough, these fans tend to create a uniform temiieratui-e in the room; 
but, as the air from the fan will follow a path of least re.sistance, the 
circulation resulting from their use is largely confined to the alleyways 
and openings in the piles of stored goods—it does not penetrate 
through and behind the goods where it would be most useful. 

“ The use of this type of fan in cold storage rooms is of doubtful 
utihty, and is liable at times to lead to a p.Bitive harm by causing a 
condensation of moisture on the goods in storage, as a result of the 
warm upper stratum of air coming in contact with the cold goods m 
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found conditions absolutely uniform, the writer for himself saw a 
temperature variation of two degrees, and this between two thermo¬ 
meters hung in the centre alley of room at the same height from 
floor, and without any extraordinary conditions to cause such a varia¬ 
tion. The real difference in temperature in this room between the 
coldest and warmest point could not have been less than five or six 


uogioca, 

“The longitudinal section of a room shown in Fig. 217 illustrates a 
system of forced air circulation which has been installed to a moderate 
extent, but has not become as well established as the one first 
described. A false ceiling is provided for distributing the cold air 
from cooling coils at the top of the room, but, as with the system just 



described, no collecting ducts are provided for the purpose of uni¬ 
formly removing the air from the room. The air from coil-room 
■ comes into the room through narrow slit-like openings in the false 
oeiUng, and is returned to the cooling coils through and by the (fisc 
fan located in the partition between coil-room and storage-room. 
♦ It would seem that this is working counter to the natural laws ol 
gravitation, although it may be looked at in another light also. 

<‘lt U often remarked that ‘cold wiU naturally drop,’ but this 
odloifld not confuse us when studying the means for promoting circula 
tkm- K the cold air is admitt^ to the room at the top, it will ol 
course fall to the floor if allowed to do so; but why admit the cold 
^ir at the top of the room if it is wanted at the floor I In a room 
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fitted with direct piping the cold air does not drop through the goods in 
storage, but down over the cooling coils, and rises through the goods in 
storage as it is warmed. It would seem, then, that any method of 
distributing the cold air at the top of the room is wrong in principle, 
especially as no means of uniformly drawing off the air at the bottom 
of the room is provided. When warm goods are placed in a room 
equipped in this way, the moisture given off as the gtsids are cooled 
must be very liable to collect on the cold false ceiling. To provide 
uniform temperatures and humidity with this system it is necessary 
to provide a very strong blast of air, which is to be avoided, as goods 
directly in front of the fan may be exposed to too great a drying 
influence. 


“The arrangement of collect¬ 
ing and distributing air ducts 
shown in the cross section of room, 
Fig. 218, has been installed in a 
number of houses in America, and, 
like sor ie of the others, depends 
on the ‘ cold will naturally drop ’ 
theory fo. its operation. The 
arrows show the natural tendency 
of the air circulation from the 
cold air ducts on the sides of the 
room to the warm air collecting 
duct in the centre. In some cases 
the cold air is distributed in the 
centre and collected at thi' sides of 
the room, and where the room is 
narrow only two ducts arc used, as 



Fig. 219. —Diagram showing Mechanical 
or Forced AirOirculation, with Air 
admitted at one side of Ceiling, 
and drawn out at the other side. 


in Fig. 210, a cold air distributing 


duct on one side of the room and a warm air collecting duct on the 


opposite side. In every case the ducts are placed at the ceiling, 
on the theory that the air from cold air duct will drop and distribute 
itself along Ihe floor before being drawn back to the coil-room 
through the return duet. The openings provided in the air ducts of 


this system art usually square openings, fitted with sliding gates to 
regulate the flow of air into the room and its return to cooler. These 
gates are placed 5 or 6 ft. apart, consequently a good distribution 
of air is not provided, and goods 'exposed to the rapid flow of aii 
directly in front of the openings will get a much greater volume 
of circulation than is to be found in any other part of the room, 
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When a room of this kind is filled with goods, preventing the air from 
falling directly from the cold air duct to the floor, no circulation oi 
con.sequence will be obtained near the floor, for the reason that air will 





Fig. 220.—Diagram showing Mechanical or Forced Air Circulation, with Air 
admitted at each side of Floor, and drawn out at centre of Ceiling. 

travel through path of least resistance, almost directly from feeder 
duct to return duct, about as shown by the arrows. 

“ A method somewhat similar to the one just described is that in 
which the cold air distributing ducts are placed at the floor and 
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Fig. *221.—Diagram Bhowiog Mechanical or Forced Air Circulation, with Air 
admitted at one side of Floor, and dmwn out at other side of Ceiling. 

the wamf air return duct is placed at the ceiling, as represented ty 
the cross Sections of rooms, Figs. 220 and 221. In narrow rooms 
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one distributing duct is used as shown in Fig. 221. In wider rooms 
two distributing, ducts on opposite sides of the room at the door are 
used, and one collecting duct at ceiling in centre of room. This 
arrangement has the merit of operating ac^eording to the laws of 
gravity, but still lacks the thorough distribution of cold air and 
collection of warm air, as shown in the sy,stem described further 
on. It is, however, considerable of an improvement on any of the 
preceding niethoris, and the writer has demonstrated in actual .service 
that it will produce fairly uniform circulation and temperatures with a 
comparatively gentle flow of air. This system is to be recommended 
for gixids which do not give oil much moisture. It is preferable to use 



Fig. 222.—Diagram showing Mechanical or Forced Air Circulation, with Air 
admitted at tw' DucU on each side of Wall, and drawn out through Forforated 
False Ceiling. 

numerous small holes rather than a few large openings in the supply 
and return ducts. 

“The system sliown in the cross section of room. Fig. 222, was 
developed by the writer (Mr Cooper) after some experiments, and 
has since been improved by two suceessive steps. It was the old 
trouble of sluggish circulation, especially during the fall and winter, 
which impelled the writer to experiment for its betterment. As an 
improvement over the small electric fan already mentioned, an 
exhamst fan .v.as fitted up to take air from the cooling apparatus 
and deliver it to the rear end of tlie room through a perforated duct. 
The air was allowed to find its way back to the coils as best it 
could. 

“ Tills method was applied to a long narrow room, and certainly 
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was a decided improvement over the sluggish natural circulation which 
it superseded. Following this, the perforated false ceiling was applied, 
with distributing cold air ducts on the walls, an shown in Fig. 222. 
The cold air from coil-room was forced into small holes in the top, 
bottom, and sides of the cold air ducts. The warm air from the 
room flowed upwards through the small perforations in the false 
ceiling and through the space between the ceiling of the room and 
false ceiling, and thence to the coil-room, where the air was 
cooled, and caused to repejit the same circuit continuously. The first 
apparatus was clumsy, and the proportions of the various parts not 
correct, but the efficiency of a forced circulation of air, and a thorough 
distribution and collection of the incoming and outgoing air of a cold 
storage room so plainly proven, that a further development of the idea 
was undertaken. 

‘‘It was demonstrated by above-<lescrihod experiments that a 
comparatively small amount of air well distributed and uniformly drawn 
bff at the top of the room after flowing upward through the goods in 
storage, would produce very uniform conditions throughout the entire 
area of the room. Following up this information the apparatus was 
reduced to a more practical form by substituting one broad duct near 
the floor, as in Fig. 223, for distributing the cold air, in place of the 
two distributing ducts as used in the apparatus shown in Fig. 222. 

“ The top duct of the two did not accomplish any result of conse¬ 
quence, and was considered objectionable, as the air pas.sing from this 
duct to the false ceiling did not percolate through the goods to any 
considerable extent, and resulted practically in a loss of the work 
done by the air flowing from the top duct. Two ducts also made the 
apparatus more complicated. Using the broad single distributing 
duct near the floor in combination with the false ceiling resulted in 
very penetrating and uniform circulation of air, and in practical service 
it has been found to produce superior results. 

“_No practical objections have been urged against it. As shown 
by the arrows, the air is caused to cover very uniformly the entire cross- 
sectional area of the room. This was accomplished by perforating 
the distributing ducts with small holes, and so proportioning them 
tliat a larger part of the flow of air is from the bottom of the ducts. 
The ducts are also perforated to smne extent on sides and top. By 
,piling the goods a few inches off. the floor the air from bottom of ducts 
flows under the goods and out to centre of room. This action is 
also assisted by having the greater number of the perforaticais in false 
ceiling in the middle third or quarter of the room, so as to d'rair the 
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air out from sides of room. As indicated by the arrows, the air 
moves up from the distributing duct, is drawn into space above false 
ceiling, and returned to coil-room to be cooled, 

“The system described in the foregoing paragraph is nearly theo¬ 
retically perfect so far as a uniform circulation of air is concerned, 
and a more thorough method than any of its predecessors, but it still 
remained to design the perforated false floor and false ceiling combina¬ 
tion, Fig. 224, to produce a system which cannot be improved upon 
thetiretically. Not only is the system theoretically perfect, but its 
practical application is so simple as to be unobjectionable. As shown 



I'ig. 223.—Diagram showing Mcchmical or Forced Air Circulation, with Air 
admitted at one broad Duct on each Side Wall, a.id drawn out through Per¬ 
forated Ceiling. 

clearly by the sketch, the flow of air is directly upward from floor to 
ceiling, consequently all goods piled in such a room are exposed to 
exactly the .same conditions as .to circulation, temperature, humidity, 
and purity of the air. In a room equipped with this system, with the 
parts correctly proportioned, it is entirely safe to pile goods closely, 
only allowing a fraction of an inch between the packages and at sides 
of room and placing thin strips beneath the goods to allow air to flow 
from perforations in false floor. 

“Where, in rooms fitted with' direct piping and some of the fan 
systems as well, a large space must be left at floor and ceiling for a 
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circulation of air, with this system goods may he piled close up to 
ceiling leaving only half an inch for the air to How into perforatioas in 
false ceiling.s. As the space occupied in height by false fltKir and its 
space underneath is only 1J in. and that occupied by false ceiling 
only IJ in., it will be apparent that much space will be saved 
by using this system. After a room is filled with goods and cooled 
down to the cori'ect carrying temperature, no difference in temperature 
can l)c noticed in different parts of the room. No blast of air can be 
felt in any place, a gentle flow from perforations only is noticeable, 
therefore no particular plac(! has more circulation than another to 



Fig. 224.—Diagram showing Mechanical or Ff)rccd Air Circulation, with 
Air admitted through Perforated Floor, and drawn out through Perforated 
Ceiling. 

cause a drying ouf of the goods. The advantages of this system over 
any of the others may be summed up as follows:— 

“ 1. A more equal distribution of air, especially when the room is 
fllled-with goods. Goods in centre of room are exposed to the same 
temperature, circulation, &c., as those at sides. 

“2. Saving in space, as it allows the room to be filled full of 
goods without leaving large spaces at top and bottom for a circulation 
of air. 

“ 3. Where the air is so perfectly distributed and collected it is not 
necessary to circulate such a Targe volume, saving in power and 
lessening fhe liability of evaporation of goods.” 
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Insolation. 

Tfcsides being noii-conductive, a good insulating material should be 
non-odorous, non-hygro.scopic, or deli(iuo.scont, not liable to silt, both 
vermin and fire proof, and inexpensive. 

The efficient insulation of a freezing-riHun or of a cold store, or 
refrigerating chamber, is a matter of vei-y great importance from an 
economical point of view. This will be ajiparent when it is remembered 
that when once the contents of the cold store or chamber are reduced 
to the requisite temperature, the entire work required of the refriger¬ 
ating machine will be only that which i.s necessary to neutralise the 
heat that passes through the walls, floor, and ceiling from the exterior. 
Consequently, the more perfect the insulation, the less the machine will 
be called upon to work, and naturally in a corresponding ratio also 
will be the saving effected in fuel, wear and tear of the working parts, 
and in attendance. 

The means adopted for insulation consist in lining the room, or, 
in the case of a marine installation, the hold of the vessel, with some 
material forming a very bad conductor of heat. The exact inetluKl 
of carrying this out, as also th(^ nature of the non-conducting material 
employed, must necessarily be considerably varied according to the 

circumstances of each particular case. 

Mr Lightfoot recommends as a fairly good protection an outer 

and an inner layer of tongued and grooved boards 1 H 

thick, with a 9-in. space or clearance between them hi led with 
charcoal, or in some cases preferably with silicate cotton or slag-wool. 

In France and Germany cork is used with marked success aa a non¬ 
conductor, and it is evidently a substance exceedingly suiteble for the 
purpose in question, being a material very impervious to hea , aiffi 
LLle of withstanding moisture. Either ordinary cork cut inte 
thfn dices, or refuse or waate cork, from other industries, * 
ground up or disintegrated into a coanse powder, is employed the 
Lmer beteg the best but the most expensive. In New Zealand 
Australia pumice stone is much used. aLpen’s 
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binding material; composition of kieselguhr from German mines, 
with 10 per cent, of binding matter, sucb as fibre, and mucilaginous 
extract of vegetable; cement composed of blue clay mixed with flax; 
jute an<l woollen waste, or cow’s hair, in equal proportions; fibrous 
composition of fine blue clay mixed with flax, hemp, rope, jute, cow- 
hair, and woollen waste; and a papier mftche composition composed of 
paper-pulp mixed with clay and carhon, together with hair and 
fragments of hemp-rope. 

In choosing a substance other considerations besides its good 
insulating powers must be taken into consideration, such, for instance, 
as its capacity for withstanding moisture. This latter quality is of the 
utmost importance, inasmuch as at very low temperatures moisture 
from the air is very readily absorbed by many substances, and fer¬ 
mentation, rotting, and decay will result therefrom. It is for this 
reason that cork forms so desirable a material for insulating purposes, 
although surpassed in non-conductibility by some others. For a like 
Reason pitch, or some form of enamel composed of bitumen and other 
ingredients, is found to be very valuable. Lampblack is claimed to 
be a very good material for insulating purposes in railway and other 
portable refrigerating chambers by reason of its lightness and elasticity, 
and more particularly on account of its non liability to pack from jolt¬ 
ing, and complete imperviousness to moisture. This material is the 
one employed by Henry Carr Godell, in his patent (1884) movable 
refrigerating chamber. When it is desirable to increase the elasticity 
and reduce the cost, he sometimes uses a mixture of either short fibre 
or scales of mica. 

Whatever the filling material that may be employed for insulating 
purposes, however, it should always be borne in mind that the more air 
that is enclosed witli it between the walls or skins the better, for it is 
a well-known fact that the best non-conductor of heat is dry air, the 
units of heat transmitted per square foot per hour, through a layer of 
confined air of 1 in. in thickness, being about ‘29. 

When charcoal is employed it should be well dried, and pacl^ed as 
nearly as possible to a consistency of 11 lbs. per cubic foot. Silicate 
cotton or slag-wool is usually packed to a consistency of about 12 lbs. 
per cubic foot, one ton equalling about 187 cub. ft. Some engineers 
prefer, however, to use 13 lbs. per cubic foot. 

- The following table, from experiments by Peclet, gives the amount 
of heat in units transmitted per square foot per hour, through various 
substances, in plates or layers of 1 ‘in. in thickness, many of which are 
suitable for insulating cold-air or refrigerating chambers. The ^xperi- 
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menls were made by heating one side of the plates or layers by means 
of hot water, and cooling the other side by cold water, the difference 
between the temperature of the two faces being 1° Fahr. 


Materials. 


I 


' Gold 
I Platinum - 
‘ Silver 
• Copper 
i Iron - 
Zinc • 

Tin ■ 

Lead 
Marble 
Stone 
Glass 

Terra-cotta 
Brickwork 
1 Plaster 
! Sand 

I Cuk, against tlio grain or 
! fibre • • • * 

i Wal"ui, with the grain or 
] fibre . . - - 

1 Fir, with the grain or 
fibre . . - - 


Units of 
Heat trans¬ 
mitted. 


625 

606 

595 

520 

230 

225 

178 

113 

24 

14 

H-i 

4-: 

4' 

3- 


1*7 

1*4 

1*37 


Materials. 


Gutta-percha - 
India-rubber - 
Brickdust, sifted 
(’oke, in powder 
Iron filings 
Cork 

Chalk, in powder 
Charcoal (wood) in pow 
der 

Straw, chopped 
Coal powder, sifted 
Wood ashes 
Mahogany dust 
Canvas, hempen, new 
Calico, new • - 

Writing paper, white 
Cotton and sheep’s wool 
Eiderdown 
Blotting paper, grey 


Uni(. of 
Heat trans¬ 
mitted. 


1'37 

1'.1C 

1-.33 

1-29 

1-28 

1-15 

•86 

•63 

•66 

•64 

•63 

•62 

•41 

•40 

•.34 

■SS 

•31 

“26 


The quantity of heat in units, transmitted through 1 stp ft. of 
Tilate per hour, may be found thus: subtract the temperature of tee 
cooler side from that of the hotter side of the plate, then multiply toe 
result by the number in the preceding table corresponding to toe 
material used, and divide the prcsluct by the thickness of plate. Thus 
an inm plate 2 in. thick, having a temperature of 60 on one side and 

80' on toe other, will transmit 80 - 00 = = 2,-300 units of 

heat per square foot per hour.* 

A series of five experiments t on radiation at low temperatures were 
, conducted by llaoul Pictet on the rate of heating of a body cooled to 
-170° Cent (-338° Fahr.), the surrounding atmosphere being at a 

temperature of -p 11° Cent. (-1-51-8 Fahr.). ,i„j,„ri« 

The refrigerators employed were cooled by a mixture of sulphur di 


* Hutton, “ Works Managers’ Handbook,” Crosby tokwood & 
t “Coniptes Rondus do I’Acadtaie dcs Sciences, Pans, vol. 


1894. 
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oxide and carbon dioxide (Pictet’s special lii|uid), or by liquid nitrous 
oxide, their thermal capacity being considered in every case. In the first 
experiment the surface of the refrigerator was uncovered; in the second 
it was encased in a sufficient covering of cotton waste to prevent the 
formation of hoar frost on the metal; whilst in the third, fourth, and 
fifth scries ju'otecting layers of 10, 25, and 50 centimetres in thickness 
were employ{xl. 

The results showed that at extremely cold temperatures between 
- 170° Cent. ( - 338" Fahr.) and - 100° Cent. ( - 212° Fahr.) a thick- 
layer of cotton afforded^)ut a slight protection. It was only between 
the temperatures of -20° Cent. (-68° Fahr.) and +10° Cent. 
(+ 50° Fahr.) that the effect of the protecting layers became pro¬ 
portional to their thickness. 

In the opinion of Mr Pictet, bad conductors of heat are capable of 
absorbing, with comsiderable efficiency, the radiations from bodies 
at temperatures between -60° Cent. (-140° Fahr.) and +11° Cent. 
(,+ 51'8° Fahr.), but are ineffective as regards calorific vibrations at 
temperatures below -60° Cent. (-140° Fahr.). With other non¬ 
conducting substances, such as silk, wool, sawdust, cork, charcoal 
powder, and peat, the results were identical, and, as a rule, bad con¬ 
ductors appeared to bo freely permeable to heat at low temperatures 
between - 100° Cent. (- 212° Fahr.) and - 170° Cent. (338° Fahr.). 

The table on the next page gives the results of tests* undertaken 
by Professor Andrew Jamieson, M.InsiC.E., for the purpose of 
determining the relative and absolute thermal conductivities of sub¬ 
stances used as lagging for steam boilers, for parts of steam engines, 
and for refrigerating machines. The method adopted was to observe 
the fall of temperature in a known weight of hot water contained in 
a vessel coated on all sides with a certain thickness of the material 
under examination, the outer surface of which was maintained at a 
constant, temperature by the continuous flow of cold water through a 
water jacket. 

The apparatus consisted of three cylindrical tin cases, the inner¬ 
most of which was fitted with a water-tight lid having a central funnel 
through which the hot water was inserted. The space or clearance 
of 1 in. left between the first or innermost vessel, and the second vessel, 
contained the non-conducting material under test; and the space 
between the second and third vessel fonned the water jacket. Ther¬ 
mometers were placed in the hot-water chamber and water jacket, and 

* Minutee of Proceedings, Institviion of Civil Engineers, vol. oxxi., bijssion 
1894-95, pp. 991, 292, 293, 294, 295. 
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an arrangement for stirring the water in said hot-water chamber in 
the innermost vessel was likewise provided. Eacli specimen of non¬ 
conducting material was placed upon a seiminte inner case, each of 
the latter being covered to an uniform thickness of 1 in. in the manner 
in which the material would be employed in actual practice. The 
non-con .lucting composition was applied in layers, carefully dried in 
succession, .so a.s to en.sure the dryness ncce.ssary to the accuracy of the 
tests being obtained. 


Kksults of TiiF, Tests. 


Namt, of Material. 


! Dry air. 

I Ktissil meal (composition - 
I C'unont with hair felt* • 

1 Silicate cotton, I or slag-wool • 
' Kieselgiiiir J comjrosition 
: Dapici muoh 6 composition 9 - 

I b'ibrous composition (flax, 
, hemp, cow-hair, and clay) - 
j Papier nmch 6 composition II 


\\ night (if 
Sample 
(mcluding 

Total hull 

Thermal 

Conductivity 

of 

Conductivity 

as 

Temperature 
in 120 

in 

Absolute 

Compared 
with Dry 

J in). 

minutes. 

Measure. 

Still Air. 

It, 

Deg. Cell!. 




()-0 


]‘00 

7 " 2 

21-5 

0-0002689 

4-82 

5 Ifi 

30’0 

0-0003613 

0-47 


290 

0-0003875 

6-96 

7 '"is 

29-0 

0-0004330 

7.77 

7 .1 

35-5 

0-0004424 

7-93 

<) 9 

34 r. 

0-0004550 

7-98 

H 1‘2 

; 

37-5 

0-(XK15019 

8-99 


The covered tin cases were tested as follows t—10 lbs. of boiling 
water was jinured through a funnel into the hot-water chamber. Cold 
water was then allowed to flow uniformly from the main water-pipe, 
and to circulate freely through the cold-water chamber. During no 
test was the temperature in this chamber observed to rise os much as 
r Cent. The outer surface was, therefore, kept at a constant tempera- 

* Tlio outside diameter of this sample was about i in. amallcr than the inside 
diameter of tiio middle tin case or vessel, and it had conseciuently a slight 
advantage over the other samples in having a thin layer of air between its outer 
surface and^the h'tler. 

t The siUoate cotton was pressed together tightly, end thus its conductivity 
appears greater than would have teen the case had it teen more loosely packed. 

J The K'c c'guhr employed consisted on the average of silica 83-8, magnesia 
0-7. lime O'S, alumina 1 0, peroxide of iron 2T, organic matter 4-5, moisture and 
loss 7-1. It was employed in conjunction with Hi iier cent, of binding material, 
vit., fibre and mucilaginous extracts of several vegetable matters. 

§ I'apier-mftclri composition, consisting of paper pulp mixed with clay and 
carbon, together aitli hair and fragments of hemp rope. 

i] A lighter modification of above. 
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ture throughout each test. In order to prevent the temperature of 
the hot water from falling too quickly at first, and to bring the non¬ 
conductor and the whole apparatus to a condition of constant tempera¬ 
ture or heat equilibrium, steam at atmospheric pressure generated in a 
Florence flask was first passed into the inner vessel by means of a 
glass tube led into it through the funnel. The steam-pipe was then 
removed, and a paraffined cork fitted tightly into its position. The 
first reading was always taken when the temperature of the hot water 
had just fallen to 94° Cent. (201-2° Fahr.). The water in inner 
chamber was stirred by a perforated piston prior to the readings of the 
thermometers in the two chambers, which were taken simultaneously, 
being noted. Successive readings of both thermometers were taken in 
the same way, and recorded every ten minutes. 

The results of tests* made by Mr John G. Dobbie, superintending 
engineer at Calcutta to the British India Steam Navigation Company, 
to,determine the conductivities of asbestos and Kieseiguhr composi- 
tioh were as follows: — 


RRStll.TS OF Te8t.s. 



Asbestos. 

Kieseiguhr Com* 




Water Condensed 

Water Condensed 


in Inches. 

in Inches. 

After 16 minutes 

4i 

2i 

„ 30 „ 


2| 

46 „ 


21 

„ 60 .. 

3i 

21 

Totals in one hour 

14f 

91 


This experiment shows a saving of 36 per cent, in favour of Kieseiguhr 
composition. The tests were made with two boiler-tubes—in. in 
outside diameter and 7 ft. long, closed at both ends, and covered with 
4 thickness of 2 in. of asbestos and Kieseiguhr composition respectively, 
^e tubes were suspended side by side, and steam was admitted at the 
top, a gauge-glass being fitted at the bottom of each by which the 
amount of condensation inside the tubes could be accurately observed. 
§team at a pressure of 30 lbs. per square inch was used in the tubes. 

* Mimttm of Prooeedingg, Institution of Civil Engineers, v-jl. cxxi., Session 
’18W-85, pp. 301,■ 302. 
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In the first trisl, which lasted one hour, 12’376 in. of water were con¬ 
densed in the tube covere<i with asbestos, and 8 ;575 in. in that covered 
with Kieselguhr composition, showing 33 per cent less water condensed 
with Kieselguhr composition. In the second trial, of one hour also, the 
condensation was noted every fifteen minutes, and gave the results 
shown in the above table. 

From these and other tests the author has been led to the conclu¬ 
sion that hard-pressed asbestos paper or cloth is a better conductor of 
heat than silicate cotton or slag-wool, felt, hair, wool, or some of the 
Kieselguhr compositions. The main reason for the superior non-con¬ 
ductivities of porous materials is on account of the entrapped and 
occluded air, hence the looser asbestos and other fibrous materials are 
laid on the better will they prevent radiation of heat. 

In an appendix* to his paper on heat-insulators. Professor Jamieson 
gives some accounts of previous experiments, of which the following 
is a brief extract;— 

“In 1881, Mr Charles E. Emery, Ph.D., wrote a paperf on ‘Ex¬ 
periments with Non-Conductors of Heat,’ wherein the results of his 
tests on fourteen difl’erent substances are given. The a])paratus used 
consisted of a boiler, 4 it. in diameter and 12 ft. long, constructed 
witli three 10-in. tubes. Into these tubes were placed smaller tubes to 
receive steam, and around the inner tubes were placed the non-con¬ 
ducting substances, water being circulated through ‘he larger shell 
outside of the outer tubes. The results (see table, page 336) were shown 
by the amount of steam condensed in the inner tulies, the water of 
condensation lieing conducted to small cylindrical vessels, each pro¬ 
vided with a glass gauge.” 

In 1884, Professor John M. Ordway, of Boston, Mass., described 
in a pajier} on “Experiments upon Non-Conducting Coverings for 
Steam P'pos,” tests of a great variety of substances by three methods, 
viz.; (1) by measuring the temperatures on the outside of the coverings ; 
(2) by measuring the weight of steam condensed in a certain time 
over a certain length of covered pipe; (3) by a calorimeter. 

In ]884f Mr J. J. Coleman gave§ the results of a series of experi- 


* Minmeii ff I roceedingi, InstitiUion of CivU Hagimert, vul. cxxi., Session 
1894-9.5, pp. 298-299. 

■t TraiuaetionSt American Society of Mechanical Shtgineera^ vol. it, 1881, 
p. 34. 

i Trannaclkma, American Society of Mechanical Engiiieere, vot v., 1883-84, 
p.73. 

g Proceedings^ Philosophical Society of OlaegoWt vftl. xv., 1883-84, p. 90. 
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meatN (see table) on eight substances tested by means of Lavoiser’s ioe- 
calorimetei’. The object of the experiments was to find the substance 
which would make best covering for the “ Bell-Coleman Freezing 
Macliines.” 

In 1884, Mr D. K. Clark, M.Inst.C.E., reported* to the National 
Hmoke Abatement Institution the results of tests carried out at the 
works of Messrs Samuel Hodge & Sons, Millwall, of seven substances 
ns compared with a bare pipe. 

In 1891, Mr \V. Hepworth Collins read a paper t on “Tlie Com¬ 
parative Value of Various Substances used as Non-Conducting Cover¬ 
ings for Steam Boilers and Pipes,” giving the results of experiments 
in which a mass of each material to be experimented upon, 1 in. thick, 
was carefully prepared and placed on a perfectly flat iron plate or 
tray, which was then maintained at a constant temperature of 310° 
Fahr. The heat transmitted through each non-conducting mass was 
calculated in lbs. of water heated 10° Fahr. per hour (see table). 


Ebsults of Diffekent Expekiments on the Heat Conductivities 
OF Various Substances. 

{Silicate cotton hchig taken (w 100.) 


Substance. 

Is 

u 

J. J. Coleman. 
1884. 

W. H. Collins, 
1891. 

Prof. Jamieson, 
1894. 

Fossil meal composition 




70 

Cement with hair-felt • ’ - 

83 



93 

Si4cato cotton or alag-wool - 

100 

KM) 

100 

100 

Hair-felt or fibrous composition • 


117 

114 

112 

Papier-mach€. 



147 

111 

Kieselguhr Composition 


136 


112 

Sawdust. 

112 

163 

142 


Charcoal. 

132 

140 



Cotton wool. 


122 


. 

Bheep’s wool. 


136 



Pine wood (across the grain) 





I^am. 





Gasworks breeze or coal ashes 

240 

2M 

299 


Asbestos. 

■229 


179 



* The Engineer^ vol. Ivii., 1884, p. 

t “ Report of the British Association for the Advancement of Science,” Cardiff, 
1891, p. 780. 
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Eesults op Tests to Determine the Non-Conouctive Values 
OP Dippbeent Mateeials. 

{IL F. DowiJdmnf M.I.C.E., Froceedinf/s, I nut. O.E.) 


Kxpebiment No. 1. 





Weight after 



■J-bickncss 

of 

Original 

Weight 


— — 

Loss after 
Seventy-two 


Mattrial.” 

of Ice. 

Twenty-four 

Hours. 

Seventy-two 

Hours. 

Hours. 


Inches. 

0/ 

02. 

Oz. 

Per cent. 

1 I'eat (compressed and 






set in fossil meal) • 

9 

«5 

81 

m 

37-89 

Charcoal • 

11 

9«S 

794 

36 

41-97 

Silicate cotton - 


924 

73i 

404 

.5B-21 

Magnesia and ashes- 




tos fibi’c 

• 

44 

93 

73 

_ 

m 

56-45 


NoTE.--'J’ho aulhur thought it undesirable to ooiisider further compressed peat 
set in fossil meal, as he found by experiment its powers of absorption of moisture 
to bo Bo great as to constitute in his opinion a source of danger. 


Experiment No. 2. 



I'hickness 

of 

Insulating 

Material, 

Original 

Weight 

Ice. 

1 

Twenty- 

four 

Hours. 

iVeight afte 

Forty- 

eight 

Hours. 

Ninety- 

six 

Hours. 

Loss after 
Ninety-six 
Hours. 


Inches. 

0*. 

Oz. 

Oz 

Oz. 


Silicate cotton 

6 

104 

88| 

76J 

584 

43-75 

Sawdust 

' 9 

1034 

864 

71 

48 

52-62 

Peat - 

9 

104 

774 

66 

26i 

74-76 

Chai-coal 

9 

104 

88J 

1 

•-«« 

00 

r-» 

604 

41-82 


22 
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Expekimekt No. 3. 





Weight aftei 



Tlkickness 

Original 




of 

lo&ulating 

MaterisTl. 

Weight 

of 

lie. 

Tweiuy*foui .Seventy-two 

.Seventy-two 

Honrs. 




Hours. 1 Hours. 



inches 

Oz. 

0/ O/. 

Oz 

Silicate cotton - 

<1 


83J "in 

2119 

Charcoal - 

n 

92 

82| 70j 

23-36 


Experiment No. 4. 





Weiglii after 



Thickness 

Original 



1 ,oss after 


of 

Weight 



Ninetj- 


Insulating 

of 

1 weiity- 

Ninety- 

SIX 


Material. 

Ice. 

font 

SIX 

Hours 




Hours 

Hours. 



Inches. 

0/. 

()/ 

Oz 

Per rent 

Silicate cotton 




• 


(loosely packed) 

9 

no 

103 

m 

2:i-4i 

Silicate cotton • 

9 

no 

10];',* 

80;,' 

26-59 

Charcoal - 

11 

HO 

HHa 

70 

2S-18 

Vegot-able silica 

11 

110 

lOU 

7Bi 

30-22 

Biatomite - 

n 

no 

99 

73;i 

32-95 


Results of Tests to Determine the Non-Conddcttvb Values of 
Various Materials. 

{Dr {{jn. Walhice.) 


' 

Cubic 


Mfiierials. 

Cciiiimeties 
(gratiiines) of 

Average c.c.-i 


Water Melted 



in 12 i lays. 


Silicate cotton. 

0,470 

789 

Flake charooal. 

11,010 

917 

Felt. 

11,760 

980 

Fossil meal. 

12,630 

1,044 

Twig charcoal. 

13,590 

1,1.32 

Plain cork slabs. 

14,020 

1,168 

Tarred cork slabs.* 

14,610 

1,217 

Broken lump charcoal. 

15,916 

1,326 

Ashes.. 

23,316 

1,943 


Coleman’s method was used in making the above tests, with walls 6 in. thick. 
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Rate of Passage op Heat Theodgh Various Materials. 

(.-l/c.f. Marcut.) 


British Tlierin.'il Units per lioui jier Miperftcia) foot thiougli niateiials ({ in. thiik. 



T=. 

60“ 

T- 

-50“ 

T 

-40“ 


Dry. 

Wet. 

Dry. 

' Wet. 

i 

Dry. 

Wet. 

Silicate cottiHi 

4-11 

UOo 

2-34 

i 3-.-.7 

1-17 

; (i-70 

Cow hair 

411 

8-80 

2-34 

r>-3o 

i-17 

3-50 

t^liarcoal 

4-70 

12-30 

O-O-^ 

7-o0 

l-7ti 

4-40 

Sawtlust. 

♦j’7o 

ITi-OO 

440 


2*34 

n-.w 

Infustirial oarth - 

lo-oo 


(>•18 


3-57 


Ctirk hriokg 

5 *87 


3-20 

1 

2-5M) 



T = l)iff6T- .ice of T(!ini)of.aLu»'e (Falir.) on the two sides of the material. 


Results of Tests on the Heat Conductivity ok 
Different Substances. 

(Tanoiw authoritits.) 


(Silicate Cotton hciiig takei. at KHI.) 


\ 

C. E 

■■ ■ 

J. J. CoJe- 

w. H. 

Prof. 

Subil.'iii- es 

Einerj’, 

man, 

Collins, 

Jamieson, 


1881 . 

1884. 

1891. 

18M. 

Silicate cotton or slag-wool 

lOU 

100 

100 

100 

Hair-folt or fibrous coniposition - 


117 

114 

112 

Papier-mache • • ^ 



147 

111 

Kieselguhr composition 


13(1 


112 

Sawdust. 

iii 

1B3 

142 


Charcoal. 

132 

140 



Cotton wool - “ • 


122 



Sheep’s wool . . - . 


136 



Pine wood (across the grain) 

ISO 




Loam. 





Gasworks breeze or coal ashes • 

240 

230 

288 


Asbestos. 

228 . 

... 

178 
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Table oivinw the Relative Heat Conductivity of Various 
Boiler-Covering Materials. 

{Tht ** American Engineer. 


Silicate cotton or mineral wool . . - . . UK) 

Hair-felt.117 

Cotton wool 122 

Sheep’s wool ...... 136 

Infusorial earth - • 136 

Charcoal 140 

Sawdust -------- 16.3 

Gasworks breeze 230 

Wood and air space ...... 280 


Results of Experiments regarding Non-11eat-Conductin(} 
Propeiities op Various Subs'I’ances. 

{ProftHsor J. M. Ordn'ay.) 



Lbs. of Water he.itcd 

Coveiiiigs 1 in. thick. 

nr Fain, per honr 


by 1 Mfuare foot. 

^ I. “Silicate cotton” or “slag-wotil ” - 

1311 

2. Paper . 

140 

1 .3. Cork HtripK, bound on • 

14-0 

i 4. Straw ro|>c, wound spirally 

18-0 

b. Loose rice chaff . 

18-7 

1 6. Blotting f)apor, wound tight • 

21 0 

f 7. Paste of fossil meal and hair - 

l(i-7 

8. Ijoose bituminous coal ashes - 

21-(l 

I 9. Paste of fossil meal with asliest-os • 

22-0 

1 10. Loose anthracite coal ashes 

27-0 

I 11. Paste of clay and vegetable fibre 

.SO’O 

M2. Dry plaster of pjjiria .... 

30-II 

13. Asbestos paper, wound tight - 

21-7 

14. Air alone - - . . 

48-0 

15. Fine asbestos . 

490 

16. Sand . 

«21 


N. B. —The asbestos of 15 luwl smooth fibres, which could not prevent* the air 
from moving about. Later trials with an asbestos of exceedingly fine fibre have 
made a somewhat better showing, but asbestos is really one of the poorest non¬ 
conductors. By reason of its fibrous character it may be used advantageously 
to hold together other incombustible substances^ but the less the l>etter. 

< * These substances are not well suited for covering heated surfaces—owing 
to their nature they soon become carbonised. 

t Hard substances that, with the action of the bea^ break, powder, an4 
' fall off. 
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Non-Heat-Conducting Properties of Various Suhstances. 
(Frnm “ Emjvnmriiuj.") 



Lbs. ofWater heated 

Prepared Mixtures, for Coveiinc Boilers, Pipes, S:c. 

10" Fahr. per hour 
pel square foot. 

Slag-wool (silicate cotton) and hair paste 

i()-(i 

FoHsil meal and hair paste ... - 

10°4 

Paper pulp alone. 

14'7 

Anbestos Hbre, wrapped tightly 

17'« 

Fossil meal and aHoestos pt)wdcr 

•26-3 

Coal ashes and clay jjaste, wrapped witli straw 


Clay, dung, and vegetable fibre paste 

;iflo 

j\aper pulp, clay, and vegetable fiBre 

■ 44 •« 


Results op Experiments regarding Non-Heat-Conductinq 
Properties of Various Substances. 

{WiilUr Jone.f^^ Heaiiwjhy Hoi Water.'^) 




Highest 

Frap’e Filled with 

Left for 

Teniperalure 

Registered. 

Leroy’s boiler-covering composition - 

3 hours 

1 ) 4 ° 

Asbestos powder .... 

4 „ 

Sir 

Hair-felt. 

3 

77° 

Silicate cotton. 

9 „ 

71i° 


The quantity of heat in units, tran.smitted through 1 sq. ft. of 
plate per hour, may be found thus;—Subtract the temperature of the 
cooler side fiTim that of the hotter side of the plate, then multiply the 
result by the riambor in the preceding table corresponding to the 
material used, and divide the product by the thickness of plate. 
Thus an iron plate 2 in. thick, having a temperature of 60° on one side 

■ 1 (\ V O.TO 

and 80° on the other, will transmit 80 - 60 = — - -= 2,300 

units of heat per square foot per hour. 
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Heat-Conductino Power of Various Substances, 
Slate being 1,000. 


{Mo/cnworfh .) 


Slate 

- 1,000 

Chalk - 

564 

Lead 

- 5,210 

Asphalt© 

- 451 

Flagstone 

• 1,110 

Oak 

- .3.36 

Portland atone 

. T.'iO 

Lath and plaster 

W 

liriek 

m}-m 

Coiuent - 

200 

Fii-e-brick 

020 



Expekimbnts 

ON Heat Conouctivity of Slao-wool 

AND Charcoal. 


(7'. 11. Liijhlfoot, M.hmt. C.E., <1, A. fli'rh, A.M.Iiitif. hi ISH.').) 


Experiment No. 1. 

Bogan 11..30 A.M., 2nd .luno. 

Ei\)led 11.30 A.M., 4th .luno. 

Duration of experiment, forty-eight hours. 

Average temperature of room or chamber, 90° Eahr. 

A piece of ice 23 lh.s. in weight was placed in a zinc box 12 in. 
cube, and covered with 2 in. silicate cotton, this latter being provided 
with an outer cover, also of zinc. 

When the ice was taken out it weighed lO.V lbs., showing a loss 
of 12 J lbs. 

12J lbs. X142 (latent heat of ice) = 1775 thermal units passed 
through in forty-eight hours. 

48) 1775 (30'9 thermal units passed through in one hour. 

Difference in temperature between inner box and outer air = 
58° Eahr. 

36-9 

= 0 (13 thermal unit transmitted per hour per degree difference 

in temperature.. 

Area of zinc boxes : — 


Inner Ixjx - - - - - C sq. ft. 

Outer casing . . - - - 10'6 „ „ 

Mean - - - - - 8-1 „ „ 


Thermal units transmitted through the three areas = 

6)-6^ 8T)-63 10 6 ) -63 

•105 -07 -069 
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wliicli beinj,' multiplied by 2 for the thickness of cotton, gives thermal 
units per hour, per degree difference in temperature, per sijuare foot, 
per inch of thickness, as follows:— 

■210 inner tin. 

•118 outer tin. 

•14 mean between the two. 


E.vpekimbnt No. 2. 


Began 11.30 a.m., 2nd JuiM'. 

Ended 11.30 a.m., 4th June. 

Duration, forty-eight hours. 

A^'crag(■ temperature of room, 90" Eahr. 

A pi(!ce of ice 26 lbs. in weight, covered with 6 in. of charcoal. 
When taken out it winghed 7| lb»., showing a loss of 181 lbs. 
18'.5 X 142 = 2627 thermal units in fort)' eight hours. 


2627 

- =54'72 thermal units per hour. 

'Jo 

■ = '94 thermal unit pei hour, per degree difference in tem¬ 
perature between inner box and outer air. 

Ai'ea of tins :— 


Inner box - 
Out(U' casing 
Mean 


6 sq. ft. 
24 

13'6 „ „ 


The number of thermal units transmitted per hour, per degree, 
per square foot = 

6)-M 13-.'))-94 24) -94 

•1.5 -009" -039 


which being multiplied by 6 for the thickness of charcoal = 

•90 ^ inner tin 1 Thermal units transmitted per hour, 
•234 outer tin ;• per degree, per square foot, per inch of 
414 mean ' thickness. 
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TABLE" 

SmiwrNd TiwNaMissioN of Hkat through various insulati.nii 
Structures {Starr), 

Col. I. gives B.T.U. per square foot per (lay per degree of difference of tempera¬ 
ture. Gol. II. gives meltage of ice in pounds per day by heat coming tlirough 
100 aq. ft. at a difference of 40°. 


§-in. oak—paper. 1 in. lampblack, J-in. pine. (This is 

Col. I. 

Col. 11. 

tho ordinary small stock family refrigorator)- 

5-7 

180-7 

One J-in. board, 1 in. pitch, one |-in. board 

4-90 

138 

Four i-in. spruce boards, two papers, solid, no air space - 
Two double boards and paper (four |-in. boards) and 

4-28 

1-20 

on© air space 

3-71 

ia5 

One ^-in. board, 2 in. pitch, one J-in. board 

4-a) 

119-7 

One J-in, board, 2^ in. mineral wool, paper, one 5-in. boai“d 

3-62 

101-9 

Two 5-in. double boards and two papers, 1 in. hair-felt - 
Two |-in. boards and paper, 1 in. sheet cork, two 5-in. 

3-318 

93-4 

boards and paper ..... 

One |-in. board, paper, 2 in. calcined pumice, paper and 

3-30 

92-9 

5-in. board ...... 

Four double 5-in. boards with paper between (eight 

3-38 

95-2 

boards) and three 8-in. air spaces 

2-7 

76 

Hair f|uilt insulator, four boards, four quilts, hair 

2-51 

70-9 

One 7 in. board, 6 in. patent silicated strawboard, air 

. 


cell finished inside with thin layer patent cement • 
One 5-in. board, paper, 3 in, sheet cork, paper, one 5-in. 

2-48 

69-8 

board 

Two 5'in. boards and paper, 8 in. mill shavings and 

210 

60 

paper, two 5-in. hoards and paper 

1-35 

38-3 

Same slightly moist ..... 

1-80 

flO-7 

Same damp ....... 

Double boards and paper, 1 in. air, 4 in. sheet cork, 

210 

60 

paper, one 5-in. board ..... 

1-20 

33-6 

Same, with 5 in. sheet cork .... 

■90 

25-3 

5-in. board,'paper, 1 in. mineral wool, paper, 5-in. ho&rd 
Double boards and papers, 4 in. granulated cork, double 

4-6 

130 

boards and paper ..... 

1-7 

48 


Expbeiments on the Transmission of Heat through Non- 
Conducting Materials. 

The following results, according to II Folifecnico, Milan, were 
obtained by Mr Maurs fTOm a series of experiments upon the trans¬ 
mission of heat through various materials used at the present time for 

‘ * “ Insulation for Cold Storage.” Paper read before the Eleventh Annu*l 

Convention of the Amerioan Warehousemen’s Association at Buffalo, N.Y., 
, October 1901. 
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insulating purposes in refrigeration. According to the author there 
existed an incertitude on the subject of the coefficients of the trans¬ 
mission of heat through various insulating materials. In carrying out 
the experiments, he employed a cubical receptacle or container having 
double walls, the space or clearance between which walls was filled 
with the insulating material to be tested, and a known quantity of ice 
was placed within the receptacle and the amount melted in a given 
time ascertained. In this manner he obtained a coefficient K for the 
transmission of heat which expresses the number of units of heat pas.sing 
through the insulating material per hour, per degree of difference of 
temperature, between the opposite surfaces per square metre of these 
surfaces, the distance being one metre. This coefficient expresses con¬ 
jointly a number of complex phenomena, viz., the absorption of heat, 
conductivity, convection on the exterior, ifcc. These phenomena, 
however, are always present in the use of insulating materials, and it 
is sufficient that the coefficient K be ostixblished for all the materials 
under uniform conditions. The following are the coefficients that were 
found for K for the following materials;—Cork in powder, 0‘048; 
cork in pieces, 0'041; wad of silk flock, 0-041; wad of silk fibre, 
0-043; cpttoi., 0 04.5; husks of rice, 0-050; deal .sawdust, 0-066; 
fibrous peat, 0-063; peat in pieces, 0-065 ; jieat in powder, 0-08-3. 


Waterproof Coatinos for Brick Surfaces.* 

“During the summer of 1899 a large variety of paints, oils, 
varnishes, cements, and so-called waterproof coatings were tested for 
a cold storage company in the hope of finding some coating that would 
make waterproof and airproof the brick walls of its warehouses. The 
tests were made with quarter bricks with good, fair surfaces, free from 
large holes, and, as nearly as possible, like those used in the exterior 
walls. Quarter bricks were used instead of whole bricks, so that 
sensitive balances could be used for the different weighings. All 
weighings were made to within one-thousandth of a gram. The results 
of the more satisfactory tests are tabulated below, and besides these, 
many other tests wei-e made, but these other tests were either unsatis¬ 
factory or the materials tested of no value for the desired use. The 
quarter bricks to be tested were immersed in water of a temperature of 

* Extract from paper by Mr Stoddard, read before the Eleventh Annual 
Convention of the American Warehbuaemen’a Association at Buiblo, N.Y., 
October 1901. 
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about 70°, the brick being placed on its side, and there being 1 in. of 
water over the brick. Weighings were mtule as follows:— 

“ Of the brick before coating. 

Of the brick after coating. 

Of the brick after imraerflion - - 24 hours. 

„ - - 48 „ 

„ ■ ■ 72 „ 

„ „ 

„ „ . ■ 120 „ 

“ At the end of each tw(mty-four hour period the quarter bricks 
were taken from the water, the outer surfaces carefully dried by cloth 
and blotting paper, and then the bricks wore immediately weighed 
before any evaporation could take place from the pores of the brick. 
This was repeated in moat of the tests until the bricks had been 
immersed for a period of 120 hours. After this continued immersion 
the bricks were taken from the water and their surfaces examined in 
order to .see what change, if any, had taken place in the coating. In 
.some civses the coating had softened, in some shrivelled, and in one 
case the coating, naphtha and a parafHn-like .substance, which before 
immersion was evidently well into the pores of the brick, had gradually 
worked out into the water. 

“ The nature of the substances tested varied greatly. Some were 
in the nature of paints and varnishes, and were retained mostly upon 
the surfaces of the bricks. 'J’o this class belonged the materials used in 
tests marked A, B, D, G, L, O, P, and Q. Other substances were more 
in the nature of a paste or coating applied upon the surface of the bricks. 
In this class may be included the .substances used in tests marked 
C, I, K, N, R, H, T, and TJ. Another class of substances was supposed 
to soak into the bricks, and by filling the pores exclude moisture. To 
this class belonged the substances used in tests E, F, and J. Other coat¬ 
ings consisted of two substances, which, when combined, were supposed 
to form an insoluble compound or compounds which would fill up the 
pores of the hriqk. The tests of this class are marked H, M, and V. 

“ Some substances which were submitted for test could be applied 
to the bricks only by soaking, and so were not available. Some bucks 
offered for test were soaked full of the so-called waterproofing, and of 
course" would not ahsorh water or anything else while in that condition, 
as the pores of the brick were already filled. Many resins, gums, and 
oils were tested, but they were of no practical use. 

“ Pitch, asphaltum, ikc., were objectionable, because of their odour 
and colour. The results of the teste giving the most favourable results 
are shown in th* following tables. 
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Tests of WAiERrBoopiNa Brick. 


1 

2 

3 

4 

6 

11 

12 


Weiftht—Gram'!, 


Compared to Bare Brick. 

Sample. 

T’aie Kiick. 

Coated 

Brick. 

('eating 

Per Cent. 
Increase. 

Per Cenl In¬ 
crease by Ct)al- 

Per Cent. 
Inciease by 




mg and Watei. 

Water. 

A - 

(i.70-32 

099*10 

8-78 

1 -39 

1*03 

0*24 

K ■ 

.-i.W'71 

571 *11 

14*40 

2*59 

3J1 

0-52 

c . . 

.')7H'43 

581 *92 

3-49 

0-00 

1-14 

0-89 

1) - 

527-W) 

,7;t7-70 

O-iK) 

1*88 

2*84 

0-97 

E ■ 

01610 

1)37-(id 

21-SO 

3*49 

5*01 

1-02 

10 , 

m-Ho 

7(Ki-87 

73 ■117 

11 -53 

13-75 

2-23 

■ • 

rm-i*) 

588*92 

4*5*2 

(1-77 

3 23 

2-4(1 

Tr . 

409 52 

551'(11 

51*48 

10*31 

13*36 

3*07 

] 

504*12 

529*40 

19-28 

3*82 

(i-93 

3-10 

.7 - 

000 *94 

(i70-O7 

313 

(1-47 

3-94 

3-47 

K ■ 

007*29 

(510*90 

301 

(I-.59 

4-19 

3*59 

I. - 

519-OS 

527'34 

7-t)9 

1-48 

5-()(i 

4-18 

JVl . 

6r>2'5() 

092*99 

40*49 

G-21 

10-53 

4-33 

N - 

510*20 

529-l(( 

18*90 

3-70 

8*35 

4-(!6 

0 - 

570-8'" 

580*20 

15-33 

2-(19 

7-71 

5-03 

P - 

496*20 

50.^-(Xl 

6*80 

1-37 

7-10 

5*79 

Q ■ - 

5(V2*87 

515 12 

12-25 

2*44 

8*85 

fi-37 

H - 


.543-fiO 




, 1-32 

« - 


0(>2-2<l 



Compared 

1.53 

T - 


fiOfi-Sl 



to coattid 

1*08 

U - 


08l'l(i 



brick. 

2-89 

V . 


621 *85 




'■ 5-17 

W - 






X - 

Y - 

Ilare brink 

••V 

489'04 




8*68 







348 REFRIGERATION AND COLD STORAGE. 


Tests op Wateepeoofing Brick. 



6 

7 

8 

d 

10 

Sample. 


Increased Weight by Absorption of Watei. 



24 Hours 

48 Honrs. 

72 Hours. 

Wl Honrs. 

120 Hours, j 

A • - • 

o-.to 


1-10 


1-50 

B - • - 

ISil 


2-10 

2*49 

2*89 ' 

C t • • 

Mo 

2-i.S 

3-25 

3-40 

513 1 

1) -N 

1-(X) 


2-88 

4-00 

5-10 ' 

E • • • 

2-10 

5 *5.') 

7-1.5 


9-97 1 

y . . . 

i-ir, 

12-13 

12-8.3 


14-13 


4‘8S 

7-48 

!)-(i8 


14-38 1 

H - - - 

7-SO 

0-70 

11 -m 

13-30 

15-.32 

I - - • 

3-73 

0.33 


12-12 

• 15-03 1 

.T - • ■ 

2():« 

21-13 

21 its 

23-13 

... 

K • - 

7’1M» 

8-00 

(1*30 


21-8.3 

L • - - 

3-73 

.5-78 


12-08 

21-72 

M - • - 

24-78 


27-ifi 


28-24 

N • • • 

2310 


, 23-80 


23-72 

0 • - - 

2«-98 

28-00 

' 28-00 


23-70 

P ■ - • 

24-W> 


28-7.5 

28-71 

‘28-72 

Q - 

29-08 

.30-70 

.31-28 


32-0.3 

R . - - 

3-72 

.5-00 

O-lfl 

fi.5 


S . • ■ 

3-10 


7-3.5 

9-20 


T . . . 

• 2-3.5 

4-09 

8-07 

10-21 


U - • 

«--«> , 

9-«« 

■ 12-09 

15-04 


V ■ - - 

2Mf) 

20-00 

31-02 


32-15 

W ■ - 



i 



X • 



1 



Y • - 

Bare brick 

21-20 


30-119 

30-iiO 

42-43 
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Tests of WATKBPRooFiNo Bkiok. 



2 

3 


5 

6 

7 

8 

9 

10 

u 

13 


Weight—Grams. 


Increase in Weight by Absorption 
of Water. 

Compared 
to Bare 
Brick. 

Sample 

Bare Brick. 

Coated Brick. 

Coating. 

Per Cent. 
Increase. 

24 Hours. 

1 

CD 

72 Hours. 

96 Hours. 

i 

a; 

§ 

Per Cent. Inc. 
by Coating 
and Water. 

Per Cent. Inc. 
by Water. 

A - 


taq-iti 

8-78 

1-30 

0-,30 


1-10 


] -50 

1 *83 

0-24 

B - 

.MB-Tl 

571*11 

14-40 

2-59 

1 *39 


2-10 

2-40 

2-80 

3-11 

0-52 

0 - 


581*02 

3-49 

0-80 

1-1.7 

■2-18 

3-25 

3-4il 

.7-13 

1-14 

0-80 

I) - 


,'>;i7-7o 

0-90 

1-88 

100 


2-88 

4*00 

5-10 

2-84 

0-97 

K - 


687*80 

21-.70 

3-49 

2-10 

5 55 

7-15 


0-09 

r>-!i 

1-82 

F . 

mm 

7Ufi'S7 

73-07 

11-53 

4-75 

12-13 

12-83 


14-13 

13-75 

2*23 

C ■ 

,'484-40 

588-J12 

4 *.52 

0-77 

4-88 

7-4S 

9-OS 

1 i -’43 

14-38 

3*23 

2-40 

H - 

400-5*2 

3.71-(K) 

.71-48 

10-31 

7-30 

0-70 

n-30 

13-30 

1.7-32 

13-30 

3-07 

I 

504-12 

,T2.7-4() 

10-28 

3-82 

3-73 

(>•33 


12-12 

15-03 

()-93 

3-10 

.1 

ii«6-04 

870-07 

3-13 

0-47 

-20-33 

*21*13 

21 *63 

-23-13 


3-i»4 

3-47 

K - 

(307-20 mm 

3*81 

0-59 

7-00 

8*(X1 

0-30 


21*83 

4*19 

3-50 

L - 

510-88 

.727-34 

7-00 

1-48 

3-7<i 

5-78 


1-2-08 

21-72 

5*88 

4*18 

M - 

Wi-.w 

002-90 

40-40 

8*21 

‘24-78 


27-10 


28-24 

10-,73 

4-33 

N ■ 

.'ild-iio 

.72U'llt 

18-00 

3-70 

■23-10 


23-80 


23-72 

8-35 

4-65 

0 ■ 

.Wl'H7 

5S«-20 

15-.33 

*2*()9 

20-08 

28-181 

28-00 


28-70 

7-71 

5-03 

P - 

49()*20 

503-00 

8*80 

1-37 

24-85 


28-75 

•28-71 

28-72 

7-10 

5-79 

Q ■ 

502*87 

515-12 

12-25 

2-44 

20-08 

30-70 

31-28 


32-03 

8-85 

0-37 

R - 


543*60 

.. 


3-72 

5-00 

0-15 

7-15 



*1-32 

s • 


(M2-20 



3-10 

5*55 

7-35 

9*20 



*1 -.73 

T - 


6(K3-31 



2-.V) 

4*69 

8-07 

10 21 



*1*88 

U 


.781-10 



8-48 

9*89 

12-89 

1.7-04 

_ 


•2-09 

V - 


021-85 



21-15 

20-00 

31-02 


32-15 


•5-17 

w • 

X ■ 












y . 


... 










Bare 

brick 

480-04 



21 -28 


.30-00 

30-00 

42-43 


*8-ii8 


1 gram equals 15'43 grains; iS ilS grams equals 1 ounce avoirdupois. 


* Compared to coated brick. 
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Key to Tests of Waterproofing Brick. 


A.—Bay State air and waterproofing - 

3 coats. 

B.—Red mineral paint, ground in oil 

2 coats. 

C\~.Spar vamish with plaster of pariis 

2 coats. 

T).—.Spar varnish ... 

2 coats. 

K.—Now York sample, No. 2 

Soaked. 

h \—Now York sample, No. 1 ... 

Soaked. 

(l.-Rhellac. 

1 coat. 

H.—Portland cement, 1 coat Noap and alum, .S coats 

4 coats. 

I. —White enamel paint .... 

3 coats. 

J.—Paraffin in naphtha .... 

3 coats. 

K.—Hot paraffin 

3 coats. 

L.-Water paint ..... 

3 coats. 

M.—Portland cement mixed with CaCl., 1 coat; water glass 
3 coats ....... 

4 coats. 

N.- Portland eement 

2 coats. 

0. —lilaek varnish, No. 2 - - ■ - . 

3 coats. 

P.-\Spar varnish ...... 

1 coat. 

Q.—Jilack varnish, No. 1 . . . . 

3 coats. 

R. —Watorpi*oofing, No. 1. 

{A putty-like substance applied to surface brick.) 

S. —Waterproofing, No. 4. Similar to “R.” 

« 

T. —\N'aterproofing, No. 3. Similar to “R.*’ 

U. —Waterproofing, No. 2. Similar to “R.” 

V. -Bi-chromate potash and glue—exposed to sunlight. 

Bare brick ...... 

No coating. 


“ In regard to tlie result of the tests it is worthy of remark that 
some of tlie substances that liave been considered as among the best 
waterproof materials pro^T',d to bo either of little value or very inferior 
to some of the other Substances. 

“ The Sylvester process, il, soap and alum, proved to be of little 
value, even when applied to a surface made as smooth as possible with 
Portland cement.' This process was also tried without the cement, but 
was even less effective. Hot paraffin has often been used to water¬ 
proof walls; but, under the conditions of these tests, it proved to be 
very far from waterproof. Portland cement is another substance which 
did not prove to be as good as its reputation.” 

'Walls for Cold Stores. 

The following materials and dimensions have been used and are 
recommended for walls of cold chambers:— 

Walls at the St Katherine’s Dock, Loudon, were formed of up- 
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rights, 5J in. by in , fixed upon the floor joists or bearers, and 
having an outer and an inner skin attached thereto; the former consist¬ 
ing of 2-in. boards, and the latter of two thicknesses or layei's of l|-in. 
boards, with an intermediate layer of apticially-prepared brown paper. 
The 5^ in. clearance or space between the inner and outer skins of 
the walls and roof was likewise filled with wood charcoal, carefully 
dried. 

14 in. brick wall, 34 in. air space, 9 in. bi'ick wall, 1 in. layer of 
cement, 1 in. layer of pitch, 2 in. by 3 in. studding, layei' of tar paper, 
1-in. tongued and grooved boarding, 2 in. by 4 in. studding, 1-in. tongued 
and grooved board, layer of tar pap( r, and, finally, 1-in. tongued and 
grooved boarding, the total thicknes.s of the.se layers or skins being 
3 ft. 3 in. 

36 in. brick wall, 1 in. layer of pi', ch, 1 in. sheathing, 4 in. air 
space, 2 in. by 4 in. studding, 1 In. "heathing, 3 in. layer of mineral 
or slag w(X)l, 2 in. by 4 in. studding, and, finally, 1 in. sheathing; 
total thickness, 4 ft. 7 in. 

14 in. brick wall, 4 in. pitch and ashes, 4 in. brick wall, 4 in. air 
space, 14 in. brick wall; total thickui!.s3, 3 ft. 4 in. 

14 in.*brick wall, 6 in. air space, double thickness of 1-in. tongued 
and grooved boards, with a layer of waterproof paper between them, 
2 in. layer of the best quality hair felt, second double thickness of 1-in. 
tongued and grooved boards, with a similar layer of paper between 
them ; total thickness, 2 ft. 2 in. 

14 in. brick w.sll, 8 in. layer of sawdust, double thickness of 1-in. 
tongued and grooved boards, with a layer of tarred waterproof paper 
between them, 2 in. layer of hair-felt, second double thickness of l-in. 
tongued and grooved boards, with a similar layer of paper between 
them; total thickness, 2 ft. 41 in. 

Brick wall, 3 in, scratched hollow tiles, 4 in. silicate cotton or slag- 
wool, 3 in. scratched hollow tiles, and layer of cement plaster. 

Brick wall, 1 in. air spaces between fillets of strips, l-in. tongued 
and grooved boarding, two layers of insulating paper, l-in. tongued and 
grooved boarding, 2 in. by 4 in. studs, 16 in. apart, .spaces filled in 
with silicate cqtton, l-in. tongued and grooved boarding, two layers of 
insulating paper, air spaces between fillets, or strips 1 in. by 2 in. 
spaced 16 in. apart from centres, l-in. tongued and grooved boarding, 
two layers of insulating paper, and l-in. tongued and grooved boarding. 

Brick or stone wall, well coated ,on inside with pitch or asphaltum, 
2 in. by 3 in. studding, 24 in. centres, spaces between filled in with 
silicate •cotton, |-in. rough tongued and grooved boarding, two layers 
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waterproof insulating paper, f-in. rough tongued and grooved board¬ 
ing, 2 in. by 3 in. studding, 24 in. centres, in spaces between, |-in. 
rough tongued and grooved boarding, two layers of waterproof insulating 
paper, |-in. rough tongued and grooved boarding, 2 in. by 3 in. 
studding, 24 in. centres, spaces between filled in with silicate cotton, 
|-in. rough tongued and grooved boarding, two layers of waterproof 
insulating paper, and |-in. tongued and grooved match-boarding. 
Paper to be laid one-half lap and cemented at all Joints. 

Brick wall, 2 in. air space, 2 in. thicknesses of tongued and grooved 
boards with three layers of paper between, 2 in. air space, 2 in thick¬ 
nesses of tongued and grooved l)oards with three layers of paper 
between, 2 in. air space and 2 in. thicknesses of tongued and grooved 
boards with three layers of paper between. 

Brick wall, well coated with pitch, 2 in. air space, 2 in. thicknesses 
of tongued and gr(«)vod boards with three layers of paper between, 
2 in. space filletl with .slag-wool or cork, 2 in. thicknesses of tongued 
and grooved boards, with three layers of paper between, 2 in. space 
filled with slag-wool or cork, 2 in. thicknesses of tongued and grooved 
boards, with three layers of paper Iretwoon. Shelving should be fixed 
horizontally in the spaces packed with slag-wool or cork "at about 
16 in. apart. 

Brick wall, 1 in. air space, J in. match-boarding, 9 in. slag-wool or 
silicate cotton, layer of insulating paper and J-in. mateb-boarding. 

Brick wall, 1 in. air space, 6 in. slag-wool or silicate cotton, 1 in. 
silicate of cotton slab, layer of insulating paper, | in. air space, and 
|-in. match-boarding. 

Brick wall, 1 in. air space, 1 in. silicate of cotton slab, 4 in. silicate 
of cotton, 1 in. silicate of cotton slab, J-in. air space, and f-in. 
match-boarding. 

Brick wall, well coated with pitch, 2 in. air space, J-in. tongued 
and grooved boarding, two layers of paper, |-in. tongued and grooved 
boarding, 4 in. «lag-wool or silicate cotton, |-in. tongued and grooved 
boarding, two layers of paper, J-in. tongued and grooved boarding, 2 in. 
air space, |-in. tongued and grooved boarding, two layers of paper, and 
J-in. tongued and grooved boarding. 

Brick wall, 2 in. air space, ^in. tongued and grooved boarding, 
two layers of paper, |-in. tongued and grooyed boarding, 2 in. air space, 
J-in. tongued and grooved boarding, two layers of paper, and |-in. 
tongued and grooved boarding. 

Brick wall, 2 in. air space, ^-in. tongued and grooved boarding, 
one layer of paper, 4 in. slag-wool or silicate cotton, |-in. tongued and 
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grooved boarding, one layer of paper, 4 in. air space, J-in. tongned 
and grooved boarding, two layers of paper, and |-in. tongued and 
grooved boarding. 

Brick wall, layer of pitch, |-in. tongued and grooved boarding 

2 in. air space, |-in. tongued and grooved boarding, one layer of paper, 

3 in. cork dust, J-in. tongued and grooved boarding, two layers of 
paper, and |-in. tongued and grooved boarding. 

Brick wall, 2J in. air space ventilated by air bricks every 5 ft. 
in all directions, 1-in. tongued and grooved Ixrarding, layer of Willesden 
and brown paper, 1-in. tongued and grooved boarding, 12 in. charcoal 
supported by horizontal shelving 28 in. centres apart, 1-in. tongued 
and grooved boarding, two thicknesses of brown paper, and 1-in. tongued 
and grooved boarding. 

Wall of cold storage room when made of wood; 2 in. thicknesses 
of tongued and grooved boarding with three layers of paper between, 
2 in. air space, 2 in. thicknesses of tongued and grooved boarding with 
three layers of paper between, 2 in. air space, 2 in. thicknesses of 
tongued and grooved boarding with three layers of paper l)etween, 
2 in. air space, 2 in. thicknesses of tongued and gi-ooved boarding with 
three layers of paper between, 8 in. slag-wool or silicate cotton, and 
l-in. tongued and grooved boarding. 

2 in. boards, 5^ in. by 3 in. uprights, spaces between filled with 
carefully dried wood charcoal, IJ-in. boarding, layer of insulating 
paper, and IJ-in. boarding. 

Outside siding, two layers of insulating paper, l-in. tongued and 
grooved boarding, 2 in. by 6 in. studdings, 16 in. apart from centres, 
l-in. tongued and grooved boarding, two layers of insulating paper, 
l-in. tongued and grooved boarding, 2 in. by 4 in. studding 16 in. apart 
from centres, spaces filled in with silicate cotton, 1 in. tongued and 
grooved boarding, two layer.s of insulating paper, 2 in. by 2 in. fillets 
or strips 16 in. apart from centres, l-in. tongued and grooved boarding, 
two layers of insulating paper, and l-in. tongued and grooved boarding. 


Divisional Partitions for Cold Stores. 

Tongued and 'grooved match-boarding, wire netting, 6 in. silicate 
of cotton or slag-wool, wire netting, tongued and grooved match¬ 
boarding, The object of the netting is to render the partition fire¬ 
proof by supporting the silicate of cotton after the match-boarding 
might have burnt away. * 

I'in. ,match-boarding, ^ in. air space, 1 in. silicate cotton slab, 

23 
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4 in. of silicate of cotton or slag-wool, 1 in. silicate of cotton slab, 
|-in. air space, and 1 in. silicate of cotton slab. 

2 in. tonguod and grooved boarding with three layers of paper 
between, 2 in. silicate of cotton or cork, 2 in. tongued and grooved 
boarding with three layers of paper betwisen, 2 in. silicate of cotton or 
cork, 2 in. tongued and grooved boarding with three layers of paper 
between. 

|-in. tongued and grooved lx>ardiug, two layers of paper, ^-in 
tongued and grooved boarding, 4 in. silicate cotton or slag-wool, |-in. 
tongued and grooved boarding, 2 in. air space, J-in. tongued and 

grooved boarding, two layers of paper, and |-in. tongued and grooved 

boarding. 

|-in. tongued and grooved boarding, two layers of paper, J-in. 
tongued and grooved boarding, (i in. silicate of cotton or slag-wool, 
|-in. tongued and grooved boarding, two layers of paper, |-iu. tongued 
and grooved boarding, 2 in. air space, |-in. tongued and grooved 
boardii^g, two layers of paper, and f-in. tongued and grooved boarding. 

|-in‘ tongued and grooved boarding, 2 in. silicate cotton or slag 
wool, |-in. tongued and grooved boarding, 2 in. air space, |-in. 
tongued and grooved boarding, two layers of paper, and Jdn. tongued 
and grooved boarding. 

|-in. tongued and grooved boarding, two layers of paper, |-in. 
tongued and grooved boarding, 2 in. air space, |-in. tongued and 

grooved boarding, two layers of paper, and |-in. tongued and grooved 

boarding. 

J-in. tongued and grooved Iwaiding, two layera of paper, |-iu. 
tongued and grooved boarding, 8 in. silicate cotton or slag-wool, |-in. 
tongued and grooved boarding, two layers of paper, and |-in. tongued 
and grooved boarding. 

J-in. tongued and grooved boarding, two layers of paper, J-in. 
tongued and grooved boarding, 4 in. silicate cotton or slag-wool, |-in, 
tongued and grooved boarding, two layers of paper, and |-in. tongued 
and grooved boarding. 

J-in. tongued and grooved Iwarding, two layers of paper, ,|-in. 
tongued and grooved boarding, 2 in. hair felt, J-in. tongued and 
grooved boarding, 2 in. silicate cotton or slag-wool, J-in. tongued 
and grooved boarding, two layers of paper, and |-in. tongued and 
grooved boarding. 
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Flookinu fob Cold Stokes. 

2 in. flooring, two layers of paper, J-in. tongued and grooved board¬ 
ing, 2 in. air apace between flllets or scantlinga, |-in. tongued and 
grooveil boai-ding, 12-in. joists, .space between packed with silicate 
cotton or slag-wool, |-in. tongued and grooved boarding, two layers of 
paper, J-in. tongued and grooved boarding, 2 in. air sjaice between 
fillets or scantlings, J-in. tongued and grooved boarding, two layers of 
paper, and |-in. tongued and grooved boarding. 

2 in. cement, 3 in. concrete, J-in. tongued and grooved boarding, 
two layers of paper, 2 in. flooring, 4 in. silicate cotton between fillets 
or scantlings, -j-in. tongued and grooved boarding, two layers of paper, 
2 in. flooring boards on fillets or scantlings set in concrete. 

2 in. asphalte, |-in. tongued and grooved boarding, two layers of 
paper, |-in. tongued and grooved boarding, 2 in. air space between 
scantlings, |-in. tongued and grooved be irding, 3 in. silicate cotton or 
slag-wool between fillets or scantling.s, |--in. tongued and grooved 
boarding, 2 ii. air space between fillets or scantlings, concrete. 

1 in. asphalte, 2 in. concrete. .| in. pitch, 2 in. concrete, brick 
arches. 

1-J-in. tongued and grooved flooring boards, layer of insulating 
paper, 2 in. by 9 in. joists 12 in. centres apart, spaces filled with sili¬ 
cate cotton or slag-wool, wire netting, layer of insulating paper, j|-iu. 
match-boarding on 2 in. by 2 in. fillets or scantlings, air spaces between 
existing wofaleu or concrete flooring. The wire netting secui'ed to the 
underside of the joists serves to retain the silicate cotton in case of fire. 

1-in. tongued and grooved boarding, thru! layers of insulating paper, 
1-in. tongued and grooved boarding, 2 in. by 9 in. joists, spaces 
between filled with silicate cotton or cork, 1-in. tongued and grooved 
boarding, three layers of insulating paper, and 1-in. tongued and grot)ved 
boarding. 

1 J-in. tongued and grooved flooring boards, layer of insulating paper, 
2 in. by 9 in. joists, 12 in. centres apart, spaces between filled in with 
silicate cotton or slag-wool, 1 in. silicate cotton slab on ^ in. by 2 in. 
fillets, air spaces between, and |-in. match-boarding. The 1 in. sili¬ 
cate of cotton slab’ is uaded on the underside of joists and is claimed 
to render the floor fire-proof, and to prevent radiation through the 
joists. 

2 in. matched flooring, two layers of insulating pa{)er, 1 in. matched 
sheathing, 4 in. by 4 in. sleepers Ifl in. apart from centres, spaces 
between filled in with silicate cotton, double 1 in. matched sheathing 
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with twelve layers of paper between, and 4 in. by 4 in. sleepers 16 in. 
apart from centres embedded in 12 in. of dry underfilling. 

Ground, concrete, layer of asphalte, 1-in. tongued and grooved 
nmtch-boarding well tarred, two layers of stout brown paper, 1-in. 
tongued and grooved match-boarding, floor joists 3 in. by 11 in. spaced 
21 in. apart, binder joists 11 in. by 4 in., bearing edges of floor joists 
protected by strips of hair-felt \ in. thick and spaces between joists 
filled in with flake charcoal, and 1^-in. tongued and grooved flooring 
boards. 

The floors of the cold storage chambers built at the St Katherine 
Dock, London, were constructed as follows:—On the concrete floor of 
the vault, as it stood originally, a covering of rough boards 1J in. in 
thickness were laid longitudinally. On this layer of boards were then 
placed transversely bearers formed of joists 4J in. in depth by 3 in. in 
width, and spaced 21 in. apart. These bearers supported the floors 
of the storage chamber, which consisted of 2|-in. battens tongued and 
groovad. The 4|-in. wide space or clearance between this floor and 
the layer or covering of rough boaifis upon the lower concrete floor 
was filled with well-dried wood charcoal. 

Floobing fob Ice Houses. 

Floor to incline 3 in. towards central drain, and cross channelled 
fillets or scantlings on IJ in. flooring, 2 in. cement, 6 in. concrete, 
ground. 

1-in. tongued and grooved match-boarding, three layers of paper, 
1-in. tongued and grooved match-boarding (to incline 3 in. towards 
central drain) on fillets or scantlings, air spaces between, 1-in. tongued 
and grooved matcEboarding, three layers of paper, 1-in. tongued and 
grooved match-boarding, 2 in. by 9 in. joists, spaces between filled with 
4 in. silicate of cotton or .slag-wool kept in position by |-in. boards 
secured by cleats to joists. 

Ceilings fob Cold Stokes and Ice Houses. 

1-in. tongued and grooved match-boarding, three layers of insulat¬ 
ing paper, 1-in. .tongued and grooved match-boarding, 2 in. air spaces 
between strips or fillets, 1-in. tongued and grooved boarding, three 
layers of .insulating paper, 1-in. tongued and grooved boarding, joists, 
spaces between filled with silicate cotton or cork, 1-in. tongued and 
grooved match-boarding, three layers of insulating paper, and 1-in.' 
tongued and grooved match-boarding. 
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Insulated floorintr, joists, |-in. tongued and grooved match-board- 
ing, two layers of insulating paper, J-in. tongued and grooved match¬ 
boarding, 2 in. spaces between strips or fillets filled in with silicate 
cotton or cork, J-in. tongued and grooved match-boarding, three layers 
of insulating paper, and T’u. tongued and grooved match-boarding. 

1-m. tongued and grooved boarding, two thicknesses of brown paper, 
1-in. tongued and grooved boarding, joists with spaces between packed 
with silicate cotton, l-in, tongued and grooved boarding, Willesden and 
brown paper, 1 in. tongued and grooved boarding. 

Concrete floor, 3 in. b(X)k tiles, 6 in. dry underfilling, double space 
hollow tile aiches and layer of cement plaster. 



Double 1 in. floor with two layers of insulating paper between, 2 in. 
by 2 in. strips or fillets 16 in. apart from centres, spaces filled in wdth 
silicate cotton, two layers of insulating paper, l-in. tongued and grooved 
match-boarding, 2 in. by 2 in. strips 16 in. apart, spaces filled in with 
silicate cotton, two layers of insulating paper, l-in. tongued and grooved 
match-boarding, joists and double l-in. flooring with two layers of in¬ 
sulating paper between. 

Door iNsirtATioN. 

A weak point in most cold storage rooms is the door ; these are 
usually qonstructed on the wedge principle, and several simple forms 
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are shown in the illustrations on this and succeeding pages. Even 
when pi'operly designed and carefully made from the best, well- 




Figs. 226 and 227.—Frick Company Method of Insulating a Cold Store. 
. Vertical and HorizontarSections. 


seasoned timber, the doors of cold storage rooms are very apt to give ^ 
trouble on account of the extreme temperatures to which,they are 





Figfi. 28.S to 235.—Frick Company Methods of Wall, Floor, Ceiling, Partition, 
Door, and Window Insulation. 
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subjected and from the absorption of moisture from the air. As there 
can be no doubt that considerable loss Is experienced through ba<dly- 
ttade and poorly-fitting d(X)rs, too much care cannot be expended in 
securing the best possible workmanship and efficient and easily mani¬ 
pulated fittings. Fig. 3'2!> shows a type of door fitted with Taylor’s 
patent door-fittings, of which Mr John Straiten, Liverpool, is the sole 
maker. A door much used in America is Stevens’ patent, which is 
made up of five thicknesses of insulated and waterproofed paper, | in. 
prepared mineral or slag wool, three air ,space.s, and four thicknesses of 
wood. Amongst the advantages claimed for this type of door is that 
it will not frost through with zero temperature. A canvas cushion on 
the bottom prevents the cold air from escaping at that point. The 
door will not stick. Tt closes quite tight on the hinge edge. The 
fastening is of a special pattern and is for both edges of the door. It 
is claimed to shut as tight as a cross-bar would if it were wedged up, 
and can be opened either from the exterior or interior. A .special form 
of door, designed by the author for use in hotels, or elsewhere, where 
the cold storage room or chamber has to be frequently entered, has 
been described in a previous chapter. Other insulations for doors are:— 

1-in. tongued and gi'ooved match-boarding, three layers of insulating 
paper, 1-in. tongued and grooved match-boarding, 2 in. by 1 in. fillets 
or strips with spaces between filled in with silicate cotton or cork, 1-in. 
tongued and grooved match-boarding, three layers of insulating paper, 
1-in. tongued and grooved match-boarding, 2 in. by 1 in. fillets or strips, 
spaces between filled in with silicate cotton or cork, 1-in. tongued and 
grooved match-boarding, three layers of insulating paper, and 1-in. 
tongued and grooved match-boarding. 

1-in. tongued and grooved match-boarding, two layers of insulating 
paper, 1-in. tongued and grooved match-boarding, 12 in. space filled 
in with silicate cotton, 1-in. tongued and grooved match-boarding, two 
layers of insulating paper, and 1-in. tongued and grooved match¬ 
boarding. 

Window Insdiation. 

Windows are better dispensed with in cold stores and artificial 
light resorted to; where present, three sashes spaced a few inches apart 
and glazed at both sides should be used. 

Tank Insulation. 

Tank sides: 4 in. air space between studding, l-in. tongued and 
grooved match-boarding, three layers of insulating paper, l-in. tongued 
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and grooved match-boarding, 4 in. space filled with cork, 1-in. tongued 
and grooved match-boarding, three layers of in.sulating paper, 1 -in 
tongued and grooved match boarding, 2 in. air .space, 1 -in. tongued and 
grooved match-boarding, three layers of insulating paper, and l-in 
tongued and grooved match-boarding. Bottom, 1 in. space between 
strips, fillets or studding, well tarred before tank is placed in position, 
1 -in. tongued and grooved match-Imarding, three layers of insulating 



Fig. 236.—Frick Company Method of Tank Insulation. Vertical Section. 

s' 


paper, 1 -in. tongued and grooved match-boarding, 1 in. airspace between 
strips, filled or studding, 1 -in. tongued and grooved match-boarding, 
three Isyim of insulating paper, 1 -in. tongued and grooved match- 
boardipg, 2 in. by 9 in. joists, spaces between filled with cinders. 

2 in. air space between fillets, |-in. tongued and grooved 
m^h-boarding, two layers of instflating paper, |-in. tongued and 
jnatoh-boarding, 4 in. silicate cotton or slag-wool, |-in. tongued 





Figg. 237 to 246.—Barber Manufacturing Co. Methods of Wall, Floor, 
Coiling, and Tank Insulation. • 



































































Figs. 247 254.- Triumph loo Maohino Co. Methods of Wall, Floor 

Ceiling, and Tank Insulation. 
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and grooved mateh-boarding, two layers of insulating paper, and J-in. 
tcngued and grooved match-boarding. 

Tank, 2 in. air space between studding, layer of in-sulating paper, 
2 in. flooring, two layers of in.sulating pajier, J-in. tongue<l and grooved 



Figs. to 265.—Triumph Ice Machine Co. Methods of Wall and Floor 

Inanlation. 


boarding, joists on concrete or ground, spaces between filled with 
charcoal for three-quarters depth, J-in. tongued and grooved match- 
boarding,' two layers of insulating paper, J-in. tongued and grooved 
match-boarding, ground or concrete. 
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Methods of Insulation used in the United States. 

Ill Figs. 226 to 265 are depicted various plans for insulation which 
liave been successfully used in the United States. Figs. 226 and 227 
illustrate a method of insulating a cold store recommended by the Friek 
Company; Figs. 228 to 235, various methods of wall, floor, ceiling, par¬ 
tition, door, and window insulation, and Fig. 236 a method of insulat¬ 
ing a tank recommended by the same company. Figs. 237 to 245 give 
a number of methods of wall, floor, ceiling, door, window, and tank 
insulation used by the Barber Manufacturing Co., and Figs. 246 to 
254 and 255 to 265 .show at a, k, p, q, u, 11 , m, n, o, 11 , and t, various 
wall insulations; at E a ceiling insulation; at B, c, D, v, u, and s, floor 
insulations; and at L a tank insulation accoiding to the practice 
approved by the Triumph Ice Machine Co. The exiilanatory matter 
on the drawings sufficiently cleaily indicates the construction of the 
above. 


Uefkiokkated Railway Vans. 

An important type of portable refrigerator is tliat adapted to meet 
the requirements of railway vans, trucks, cars, or waggons, which it is 
desirable to maintain at a low temperature for considerable periods, but 
which, for obvious reasons, it is undesirable, in doing so, to encumber 
with machinery, to increase in weight to any considerable extent, or to 
render in any way necessary the employment of special labour to take 
charge of same. 

The frozen meat, as a rule, arrives in good condition on board the 
vessels, and deterioration in quality usually takes place during its trans¬ 
ference to the cold stores on land, and again during the subsequent 
delivery thereof to tlie retailer, when the meat is exposed to tem¬ 
peratures frequently mu<4i higher than what is required to preserve it 
in good condition. The great desideratum for this purpiwe is a plan 
which will avoid the necessity of carrying the source of refrigeration 
upon the conveyance itself, and this the Pulsometer Engineering Co., 
Ltd., claim to have successfully accomplished in their system of 
lefrigeration for railway trucks or cars, and other portable chambers, 
and they state-that tliey are willing to guarantee to maintain below the 
freezing point properly fitted portable chambers of all kinds, for ample 
time for transit between Penzance and Aberdeen. 

The method of refrigeration primarily employed in vans and railway 
trucks, was to effect the production of cold with mixtures of ice and 
salt. The great objection to this arrangement is the large increment of 
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weight, and the nuisance and damage caused by the moisture due to 
the melting ice. 

As early as the year 1867 a refrigerator car was constructed in the 
United States having a refrigerating chamber surrounded by an air 
space. A fan or blower was provided, driven ofi' one of the car axles, 
and air was forced by this blower through a compartment containing 
ice into the refrigerating chamber. The water resulting from the lique¬ 
faction of the ice in the compartment, which had a capacity of about 
2 tons, was drawn off through a .suitable trap. In some instances the ice 
was replaced by a refrigerating mixture passing through a suitable pipe 
in the ice box or chamber. The air was drawn in by the fan during 



Fig. 2B6.—Refrigerator Van or Waggon, (ireat Southern anil Western 
Railway, Ireland. Sectional Side Klevation. 


the forward motion of the car, and after being passed through the 
ice chamber was delivered at the top of the refrigerating chamber. A 
car of this description is said to have successfully transported meat 
slaughtered in Illinois to New York, during the hottest part qf the 
summer, no perceptible deterioration in quality having occurred during 
the ten days’ journey. 

Another refrigerator car of somewhat similar construction, having 
the external appearance of an ordinary freight cur, lias an ice box at 
each extremity wherein the ice is placed upon gratings so arranged that 
a current of cold air circulates continually through a flue situated near 
the top of the chamber, over the surface of the ice, down to tlje floor. 
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and then up over the surface of the ice, down to the floor, and then 
tip again amongst the meat. The air circulation is maintained by a 
fan operated in a like maimer to that above mentioned. The car was 
also built double, with inside double door.s, filled in with charcoal, and 
the temperature of the meat was easily kept at about 40° Fahr. even 
in the hottest weather. 

As has been already mentioned, Godell uses lampblack, or a mix¬ 
ture of lampblack and mica .scales, a.s non-conducting material for use 
in refrigerator cars. 

In another arrangement, also used in America, tlie car is cooled 
by means of some suitable volatile litjuid, which is allowed to vaporise 



Fig. 2fi7.—Ket'rigurator Van or Waggon, ttreat Houther’i aiul Western 
Hallway, Ii'eland. Knd Elevation partly in Section 

slowly thi'ough a system of pipes from one re.servoir into another, thus 
reducing the temfrerature of the chamber. An objection to this 
arrangement is the danger of leakage of the volatile liquid taking 
place into the reffigerating chamber. 

Fig. 2C0 is a side elevation partly in section, Fig. 267 is an end 
elevation partly in section, and Fig. 268 is a sectional plan showing 
a refrigerator van or waggon built for the Groat Southern and Western 
Railway of Ireland. These illustrations, which are reproductions on a 
reduced .scale of outs that appeared in Ice and Cold Storage, are 
self explanatory. • 

A refrigerator van, car, or waggon, said to be in use upon the 
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Illinois Central Railway, U.S., and which has been designed and 
patented by Mr H. F. Stanley, the foreman of the car department at 
New Orleans, Louisiana, is shown in Pigs. 269 and 270 in sectional 
side elevation and in plan, and, according to the patent specification, 
consists essentially of the following features:—Hie car is provided 
with throe floors, viz., a central or main floor A, which slopes in a 
downward direction from the sides of the van towards a central gutter, 
which runs through its entire length, and servos as a drain to carry off 
all intei nal drippings; a lower or sub-floor B, lined with paper-felt; and 
lastly a false, or deck floor c, formed of lattice work, and arranged in 
sections divided on the centre line of the car, each section being hinged 
or jointed to the sides of the latter, to admit of its being raised or 



Fig. 268. —Rofi'igeiator Van or Waggon, Great Southern and Western Railway, 
Ireland. Hectional Plan. 


folded up, and thus allowing of access to the central or main floor and 
gutter for cleansing purposes. Ventilating doors D are provided at 
each end of the car, through which a current of air can be admitted 
which will circulate between the main floor and the latticed upper floor, 
E are hatches fitted with ventilating hoods, and removable plugs, and 
auxiliary screens, which admit of filling the ice tanks f. 

The ice tanks or boxes are formed by doors or swinging partitions, 
hinged or jointed to tlie roof of the car about 3 ft. from each end, so 
that they can be either fastened up out of the way, as shown at o, or 
let down until they hang vertically, and reach the floor, as shown at g*, 
forming, when in the latter position, the ice compartment or chamb# 
F. At a height of 1 ft. 6 in. above the upper or deck latticed ^oor c, in 
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this ico chanihor or oompartmont P, is provided a deck or false floor n, 
which con,sists of a hinged grating, which can be brought down into 
the position shown in Fig. 269 or can be folded back against the end 
of the car when not in use. The side door openings i are fitted with 
cross-bars .t, which can bo fixed firmly in position in such a manner 
as to be easily removable when desired. The van or waggon is sup¬ 
ported upon bogie frames. A special feature in the arrangement is the 
very great facility with which the van can !»■ convertetl from an 



Fig. 2liU.—Retiigoiator Car or Waggon, Illinois Central Railway, U.S. 
Side Elevation partly in Seotion. 



Fig. 270.—Refrigerator Car or Waggon, Illinois Central Railwaj', U.S. 

Sectional Plan. 

ordinary car or waggon into a refrigerator car, or vice vern’i, the time 
necessary for effecting the first-mentioned change, or for folding up 
out of the way the parts forming the ice chambers or compartments, 
being only about‘ten minutes. The car is, therefore, available for 
use as an ordinary freight car or waggon, or as a refrigerator car or 
van. The principal dimensions of this van or car are as follow:— 
Length of frame, 37 ft.; width of frame, 9 ft. Outside length of 
car body, 36 ft.; width of car body, 9 ft. Inside length of car, 36 ft.; 
width of,,car, 7 ft., from wall to wall, without ice chambers or compart- 
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ments. Height from upper or deck floor to ceiling plate, 8 ft. Clear 
apace in ear when ice chambers or tanks are in position, 29 ft.; width 
of ice chambers or tanka, 3 ft. each; length of do., 7 ft.; capacity of 
do., 108 cub. ft. The false upper or deck flooring is formed of 
2 in. by 4 in. battens, and the central or main flooring of IJ in. by 
5 in. battens. The lower or sub-floor has a J-in. lining. The apace or 
clearance for the circulation of air between the upper or deck floor and 
the central or main floor is 4 in. The width of the gutter in the central 
or main floor is 4 in. The doors or swinging partitions for forming the 
ice chambers or compartments are con.atructed of 2 in. by 2J battens. 
The width of the .side door openings is 5 ft. The timbers supporting 
the bogie trucks or carriages are 8J in., and the centres of the 
latter are .5 ft. from the end of the car or van. The distance between 
the centres of the wheels in the trucks is 5 ft., and the height of the 
top of the truck from the wheel base is 29 in. 

John Lobrist, of Hanford, California, has designed a refrigerator 
car, comprising vertical ice tanks or chambers placed at each end, to 
which chambers access can be had for charging through hatches having 
hermetically closing doors. These chambers are surrounded by open¬ 
work walls with an annular air passage arranged exteriorly, and a 
second open or net-work wall located outside the air chamber. In a 
space or clearance situated exteriorly to the air chamber, and between 
the latter and an outer closed casing, is placed a layer or fllling of salt. 
A lining extends right across the top of the car and from end to end 
thereof, so as to form a passage between it and the roof; and a 
central opening which communicates with the body of the car, and 
openings at the extremities which give access to air passages surround¬ 
ing the ice chamber,, are also provided. Centrally along the floor of 
the car is a passage, around and over which passage the bdxes are 
packed, openings being provided between the opposite ends of the 
passage in question and the lower ends of the refrigerating air 
chambers at the ends of the car. Fans mounted in these openings 
cause a circulation of air to take place through the refrigerating 
chamber and the body of the car, the air returning through the air 
passages adjacent to the roof of the latter. The air-circulating me¬ 
chanism is driven'by an arrangement of gearing from the axles of the 
car, which operates the pistons or plungers of compressor cylinders 
connected with compressed air receivers or reservoirs. The air thus 
•codxpressed is employed to drive motor wheels, which in turn drive the 
. fans. A compressor cylinder fixed to a frame to which the crankshaft 
' working the compressor pistons or plungers is journalled, aad which 
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cylinder is connected through a suitable pipe with the compressed air 
receiver or reservoir, admits, by allowing air under pressure to enter the 
cylinder, of so acting upon its piston or plunger as to raise the journal 
frame and crankshaft, thereby disengaging the driving gear and stop¬ 
ping the action of the pumps, when desired. 

Refrigerator cars have also been designed, fitted with refrigerating 
machinery. One type of car patented by M. E. Schmidt and T. J. Ryan, 
of York, U.S., has an installation of refrigerating machinery on the 
ammonia compression system. A dynamo, driven from one of the 
axles, supplies current to an electro-motor and to a storage battery. 
Tlie compressor is in this manner driven by electric power, and by 
means of the storage battery can be continued in operation for a cer 
tain time whilst the car is at rest. 

An attempt has been recently made iu the United States, by the 
Standard Butter Co., Oswego, New York, to refrigerate or cool a 
car or van for the transport of butter, by the application of liquid 
air. The refrigerator car used was an ordinary one, and the expense 
of adapting ri for the test was only about £5. 

The cooling apparatus is extremely simple, consisting merely of 
about 200 feet of 2-in. galvanised iron pipe coiled on tlie ceiling, and 
running lengthways from end to end of the car. This pipe is con¬ 
nected to a small cylindrical galvanised iron tank some 4 ft. high, and 
2 ft. in diameter, which is fixed in one comer of the car, and con¬ 
tains the liquid air. From this iron tank the liquid air is forced, at 
a pressure of about 4 lbs. to the square inch, to the coil of pipe 
overhead, an arrangement which, it is claimed, admits of the tempera¬ 
ture of the van being raised or lowered at the will of the operator. 

According to reports of the test, within an hour from the first appli¬ 
cation of liquid air to the van, the temperature was reduced to 15° 
below zero, and held at that point for three hours. The tank used 
contained sufficient liquid air to keep the temperature down for twenty- 
four hours without having to be recharged. The air in the van was 
found to be perfectly pure, there being no moisture anywhere to be 
seen, very little frost on the pipes, and no drip whatever. After the 
test the floor was .clean and dry, and the truck itself presented in every 
way a much more pleasing look than when ice is used, with its waste 
and continual drip. 



CHAPTER XIV' 

JiEKUlCERATlON ANT) COLD STORAGE (nmtiniml) 

Hoisting and Conveying Machinery. 

A NUMBER of cranes, and hoists and lifts, are required in a cold store 
of any size for liandling the carcasses. The first-mentioned do not 
differ materially front those employed in factorie.s, warehou.ses, itc., 
the .second, however, are usually of special construction. The motive 
power may be either steam, gas, compressed air, water under pies- 
sure, or electricity. The advantages of hydraulic power are; Perfect 
security in handling the load when raising or lowering it, and being 
able to stop the load in any position. Great simplicity of construction. 
Eacility of operating enabling skilled operators to bo disperrsed with. 
Relatively small cost of comstruction -and operation. Noiselessness in 
action. The provision of water under pressure on the premises in case 
of fire. All the above advantages, except the last, are also applicable 
to the use of electricity, and the latter power has the further advan¬ 
tage of being unaffected by cold. Space does not admit of more than 
touching briefly upon this portion of the subject, and of giving illus¬ 
trations and .short descriptions of two or three carcass hoists by way 
of example. Short descriptions of cranes, hoists, and conveyors for 
handling ice will be found in the chapter on “ Ice-making.” 

Figs. 271 to 276 .show various views of an automatic electric beef 
hoist, designed'by Messrs J. G. Childs & Co., Ltd., London. The 
construction of the hoist will be readily understood from the drawing. It 
consists of any suitable number of cradles, in this instance ten, running 
in vertical guides, and suspended from two endless chains. Two hinged 
platforms are provided at each floor, the one for loading and the 
other for unloading, and these platforms are turned back out of the way 
at all the.floors not in use. In order to.load the hoist, the loading 
platform on any of the floors is turned into position to receive the 
carcasses, which are then placed one by one upon this platform, the 
next cradle in rising lifting the quarter of beef and carrying it up over 
the top of the lift and down on the other side, finally depositing it 
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FigB. 271 to 276.—Childs’ Patoul Automatic Klectrically-diivou Beef Hoist or 
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automatically upon whichever of the hinged receiving platforms or 
forks that has been adjusted into position to,receive it and lift it off 
the cradle. The cradles are kept in the same position and are pre¬ 
vented from swinging or moving laterally during the rising and 
descending movement of their vertical travel by means of the vertical 
arms shown, one of which is provided at each aide of the cradle, and is 
fitted at each extremity with rollers engaging between vertical guides. 
The upper ends of these arms are connected to the endless carrying 
chains of the hoist, and the cradle is secured to the lower ends of these 
arms or levers. When each of the cradles reaches the upper or lower 
sprocket or chain wheels supporting the endless chains, and is passing 
round them, the rollers on its arms or levers pass clear of the guides, 
and it will be seen that the cradles are consequently permitted to 
swing free from their pivot at the upper end of these levers, and thus 
to retain a vertical position whilst passing round the upper and lower 
sprocket or chain wheels. After clearing the sprocket or chain wheels 
the rollers on the vertical arms or levers once more engage in the 
vertical guides. 

The beef hoist motor (which is a Westinghouse H.P. electric 
motor) is located at the upper extremity of the hoist, and is geared 
thiough a worm-wheel, the thrust of which is taken up by ball-bear¬ 
ings, which have been found greatly to reduce the friction of the 
gearing. The switching arrangements enable the above motor to run 
on either a 630 volt current, or on a 400 volt current. 

The motor can only be started from the weigh bridge room, whicli 
latter is situated on the ground floor, but it can be stopped by means 
of any of the press buttons placed on the various floors. 

Fig. 277 shows a portion of one of Childs’ patent hoists or elevators 
erected at the Campania Sansinena’s Cold Stores, Long Lane, Smith- 
(field, London, with a quarter pf beef in position on one of the cradles. 

This beef hoist has a capacity equal to the delivery of about 300 
quarters of beef per hour on the uppermost floor of the store, which 
In the example shown is four storeys in height, at a cost of about 
2Jd. per 100 quarters. A considerable saving of labour can be 
efiected by the use of this lift, inasmuch as by its automatic system 
of delivery it enables a number of hands that would be otherwise 
requir^ for the removal and handling of the heavy quarters of bee! 
to be dispensed with. The carcasses are delivm^ed in dose proximity 
to the chambers, and could, if desired, be easily slid on suitable chutes 
<x iaclines to and through the doors of the chambers, and be thus 
passed entirely automatically into the latter. 
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The elevators for the Southampton Cold Storage Co. have like¬ 
wise been designed and are being supplied by Messrs Childs. These 



Fig. 277,—Childs’ Patent Automatic Electrically-driven Beef Hoist. 

View showing a Quarter of Beef in position on one of the cradles. 

elevators are each intended to tak^ the produce from the ship’s side 
raise it about 50 ft. vertically, and then convey it for about anothei 
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50 ft. horizontal!)', finally automatically depositing it at the desired 
spot. Each elevator will be capable of dealing with about 1,800 car¬ 
casses of mutton per hour, or about 600 quarters of beef, barrels, or 

Continental egg-cases 



Fig. 278.—Mutton Hoist in London Cold .Store. 


per hour. 

It will be seen that 
these lifts are really 
combined elevators and 
conveyors. 

Fig. 278 is a view 
showing a portion of a 
mutton hoist, also con¬ 
structed by Mes.srs 
Childs, and working 
at the Campania San- 
sinena’s Cold Store in 
London. This hoist, 
it will be seen, con¬ 
sists of two vertically 
arranged parallel end¬ 
less chains, carrying 
at intervals sheet-iron 
trough-shaped cradles 
or carriages, into which 
the carcasses are 
placed, and from which 
they are removed by 
hand. The hoist is 
operated by an elec¬ 
tric motor located, in 
this instance, at the 
bottom. 

This mutton hoist 
is capable of delivering 
about 700 carcasses of 
frozen sheep per hour 
at the top or fourth 


floor of the store at a 


cost of about three-farthings jair hundred carcasses. 

Figs. 279 and 280 are two viejvs showing an external carcase hoist 
or lift erected at Nelson’s Cold Stoi-age Wharf, Lambeth, by Messis 
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Fig. 279.— Kxtcrual aucass HoIbI a't Nelson’s Cold Storago Wharf, 
Ijondon. At Rest. 
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R. Waygood & Co., Ltd., Falmouth Road, London, for raising frozen 
carcasses from barges lying in the river, and delivering same to the top 
of the cold store, from where they are distributed to the various floors 
by means of internal lifts. 

This lift or hoist consists, as will be seen from the cuts, of a number 
of cradles carried by two parallel endless chains mounted upon sprocket 
or chain wheels, those at one end being carried upon a long arm or jib 
pivoted at its upper extremity to a suitable platform, and capable of 
being swung or moved by hydraulic power into various angles rela¬ 
tively to the platform, so as to enable tbe carcasses from barges lying 
at different distances from the wall of the store to be raised, as shown 
in Fig. 280. The endless chains carrying the cradles pass over sprocket 
or chain wheels provided upon tlie platform to other sprocket or chain 
wheels situated within the building at the point of discharge. 

Another large cold store in London, with river frontage, in which 
the carcasses are also taken in from the top, and conveyed down by 
lifts to the various floors below, has at the upper part of the building 
a crane with a very long jib, enabling barges lying at a considerable 
distance from the wharf to be reached. The carcasses are raised from 
the barges by means of this crane in a sailcloth, a number at a time, 
and are delivered to a suitable platform at the top of the store, from 
whence they can be delivered to the vertical internal lifts, and con¬ 
veyed thereby to the various floors. 

In some stores lifts capable of carrying both passengers and meat 
in trucks are employed, and also lifts of the ordinary diiect-acting 
type, with arrangements for tipping automatically at the end of the 
stroke so as to effect the discharge of the loads on to a receiving table, 
the latter being in use at the Victoria Dock, London. At the West 
India Dock there are four hydraulic lifts, which are supported on one 
side only in the form of a bracket, and the greater part of the work of 
transporting the frozen carcasses is.carried out by gravitation. 

In the West Smithfield store, besides two lifts by Messrs R. 
Waygood & Co., capable of carrying either passengers or goods, 
there are two other lifts designed by Mr H. F. Donaldson, M.I.C.E.,* 
which are so arranged that carcasses of meat are loaded at the receiv¬ 
ing platform, where the attendant in charge is already informed by the 
taUytnan as to the chamber into which the various loads are to go. 
By levers Ije throw the points over to tlio floor on which the carcasses 
haye to be disohaiged, and starts the lift, after which he need only let 

* Proowditi^i of thi iHOtitution of tCfioU Ungineers, vol. cxxix., Session 1898; 7,^. 
Part Hi, 
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Fig. 280. —External Carcaes Hoist at Nelson’s Cold Storage Wharf, 
London. At Work. 
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the lift run its course, as, when it reaches the point at which the turn¬ 
out has been prepared, an automatic cut-off in connection with the 
lever comes into play, and the machine is stopped at the exact place 
at wliich the best result in discharging is to be obtained. In practice, 
however, the driver generally slackens the speed of travel just before 
reaching the point of discharge, so as to avoid the jar which results 
from the automatic cut-off due to the high speed at which these lifts 
travel. The meat so discharged on to a table overhead naturally falls 
away by gravitation, and passes along chutes directly into the chamber 
for which it is intended; so that from the time the meat is place<l upon 
the lift at the bottom, it only require.s to bo directed into its proper 
chute from the receiving-table, and has not, of necessity, to be again 
lifted until it reaches the chamber in which it has to l>e stored. 

A lowering apparatus of extremely simple and ingeniims construc¬ 
tion which is much employed in the United States, consists essentially 
of a cage guided by two supporting angle irons, and somewhat more 
than balanced by a weighted piston, which latter is fitted with a steel 
air tube located at the rear. This air tube is perforated in order to 
admit of the air escaping therefrom when the piston rises during the 
lowei'ing of the cage, and the perforations near the upper end or top 
of the tube are regulated in size and made smaller so as to cushion the 
air as the cage reaches the lower level. In operation, as soon a-s 
the cage is loaded it descends very rapidly, and is brought gradually 
to lest in the last two or three feet of its downward course. As soon 
as the cage reaches the bottom level it engages with a lever and is 
automatically upset or tilted so as to turn out its load on the lower 
platform, and directly it is relieved of its load the cage rises or ascends 
rapidly under the action of the loaded piston located in the air tube, 
the piston and cag^ being brought to rest by air cushioning at the 
bottom of the tube in a manner practically similar to that already 
mentioned. It will be seen that this lift or lowering apparatus 
operates entirely by gravity, and requires no motive power whatever. 

This apparatus could be advantageously employed wherever the 
dimensions of a room or chambei' are so limited as to render the use 
of an ordinary “ ran way ” or “ sliding way ” inadvisable owing to 
necessitating too steep a gradient in the latter. 



CHAPTER XV 


1!EFJ!T(4EI!ATI0N AND COLD STORAGE (miHmed) 

Proper Mcthode of Stoi ing, and Temperatures for llio Cold Storage of Various 
Articles -Specific Heat and Composition ol Victuals—MeatsandP'ish—Hutter 
—Checse--Mdk- -Eggs—Fruits—Vegetables—Morgues nr Mortuaries -Table 
of Temperatures for Cold Storage of Various Articles. 

iSuRAKiNti generally, cold storage rooms or chambers are maintained 
at a temperature of somewhere near .'1'!° Fahr.; rooms or chambers for 
chilling at about 30° Fahr.; and freezing rooms or chambers at any¬ 
thing between 0° Falir., or lower, and 10” Fahr. 

The amount of refrigeration required to cool a given amount of 
food product through a given range in temperature is a practically 
fixed quantity for a given product, but varies widely with different 
products. The following particulars on this head are given by Mr F. C. 
Matthews in an article entitled “ Cold Storage Duty,” which appeared 
in a recent number of Power, New York;— 

“ When cooling is not to be carried below the freezing-point the 
amount of the refrigeration required, says the author, may be found 
by multiplying the .specific heat of the prijduct by the number of 
degrees through which it is to be cooled. If the product is also to be 
frozen, this amount of refrigeration must be increased by the amount 
of the latent heat of fusion, and if cooling is to he continued below the 
freezing-point, the refrigeration must be further increased by the specific 
heat of the product below 32° Fahr. multiplied by the number of degrees 
through which it'is cooled below freezing-point. The specific and 
latent heat of a number of products commonly preserved in cold 
storage arc givep in the table. 

“It is required, for example, to cool 10,000 lbs. of freshly killed 
poultry thraugh 68° Fahr. The specific heat as given in the table is 
■80". The number of B.T.H. to be removed will be— 

•80x10,000 x 68 = 544,000. 

Dividing this result by 144 (number of B.T.U. per pound of refrigera- 



382 REFRIGERATION AND COLD STORAGE. 


tion), the amount of cooling duty is found to be 3777'7 lbs. If the 
poultry is frozen, the additional refrigeration required will he¬ 
ld,000 X 106 = 1,050,000 B.T.U. 

or (-rl44) 7,292 lbs., and if additional cooling to zero degrees Fahren¬ 
heit is required, the additional cold necessary will be— 

10,000 X -42 X 32 = 134,000 B.T.U. 

or 933-3 lbs. The total refrigeration duty required to cool the pi-o- 
ducts through 68° Fahr., freeze it at 32” Fahr., and then chill it to 
zero degrees Fahrenheit, would be— 

3777-7 -I- 7,292 + 933-3 = 12,003 lbs. 

or, dividing by 2,000 (pounds per ton), 6 tons. 

“ The table may be found convenient in e.stimating the amount of 
refrigeration required to chill beef, pork, and sausage through 64” 
Fahr., pr from 104“ to 40° Fahr. 

‘\It'niay be noticed that ten 7501b. fat beeves, and thirty-five 250-lb. 
hogs require one ton of refrigeration for the cooling of the meat alone. 
In estimating the cooling capacity of a medium for packing-house 
work, a ton of refrigeration is allowed for from five to seven beeves, 
weighing from 700 to 750 lbs., and for from fifteen to twenty-four hogs 
weighing 250 lbs. 8till another rough rule sometimes employed is to 
allow a ton of refrigeration for from 3,000 to 4,000 lbs. of meat cooled. 
These larger figures are intended to give ample reserve capacity to 
provide for ordinary insulation and other losses encountered in packing¬ 
house practice.” 


BEFMOERiTION REQUIRED TO CoOL MeATS.— 


' Protlncts. 

Poultry. 

Beef Fat. 

Beef 

Medium. 

Beef Lean. 

P(M-k Fat. 

1 


ipeolfio heat 

B.T.U. to cool 1,00011)8. 

0-80 

0-60 

0-68 

0-77 

0-61 

0-66 

Ffah*. 

to cool 1,000 lbs. 
^'«4'Fahr. - - - 

Poands refrigeration per 
. 1,000 lbs.,(WFAhr.) - 
Poonds of meat cooled, 64° 

1 800 

600 

680 

770 

510 

660 

'61,200 

38,400 

43,520 

49,280 

32,640 

41,600 

356-56 

266-66 

302-22 

333-66 

226-66 

228-88 

tper tcBl refrigeration - ; 

5,625 

7,500 

6,615 

750 

6,844 

8,766 

6,923 
... ^ 

Iverage-weigbt carcass, lbs. 


760 

760 

250 

Slwcaffies cooled per ton - 

... 

10 

6-82 

7-78 

36-8 

• 

I ■■■ ’ 
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Spbcific Heat and Composition op Victuals—C ooper and Matthews. 





Specitic 

Specific 

Latent 

Product. 

Water. 

Solids. 

Heat above 
Kreeniig 

Heat below 
Freezing 

Heat of 
Freezing 




Calc. 

Calc. 

Calc. 

Loan beef - 

72'00 

28-00 

0-77 

0-41 

102 

Fat beef 

.51-00 

40-00 

0-60 

0-.84 

72 

Veal ■ 

63-00 

3700 

0-70 

0-.89 

90 

Fat pork - 

39-(M) 

61-(Hi 

0°5l 

0,80 

55 

Eggs - 

70-OU 

.80-(K) 

0-76 

0-40 

100 

Potatoes • 

74-(t0 

-26-00 

0-80 

0-42 

10.5 

Cabbages * 

!(l-0(t 

9-00 

0-93 

0-48 

129 

Carrots 

8.3'On 

17-00 

0-87 

0-45 

118 

Cream 

r,9-2.5 

30-7.5 

0°68 

0-.88 

84 

Milk - 

87-.TO 

12-50 

O'OO 

0-47 

124 

Oysters 

White fish - 

80-as 

19-62 

0°84 

0-44 

114 

78-(K) 

22 (X) 

0-82 

0-43 

111 

Eels - 

62 07 

37-93 

0°69 

0-38 

88 

Lobsters 

76-62 

23-38 

0°8l 

0°42 

108 

Pigeons 

72-40 

27-60 

0-78 

0-41 


Poultry 

7 . 8-70 

26-30 

0-80 

0-42 


Butter 



0-64 

0-84 


Mutton 



0-67 

0-81 



Meats and Fish. 

Tho freezing and storing of meat has been already touched upon 
in the previous chapter. Pish is by no means an easy article to deal 
with, and it is maintained by many that the best method of preserving 
it is to pack with ice. Indeed, attempts to employ refrigeration on 
steam trawlers have not been signalised by remarkably good results, 
and the old plan of an ice room still holds the leading place. Some 
kinds of fish indeed will not stand low temperatures at all, and are 
spoiled if they are exposed to anything as low as 16°. 

The following is a method of freezing fish, described by a successful 
firm in the United States;—“When the fish are unloaded from the 
boats they are first.^gorted and graded as to size and quality. These 
are placed in .galvanised iron pans 22 in. long, 8 in. wide, and 2J in. 
deep, covered with loosely-fitting lids, each pan containing about 12 lbs. 
The pans are then taken to the freezers. These are solidly built vaults, 
with heavy iron doors, resembling strong rooms, and filled with coils 
of pipes, so arranged as to form shelves. On these shelves the pans 
are placed, and as one feature of the fixtures is economy of space, not 
an incsji is lost. The pans are kept here for twenty-four hours in a 
temperati»re at times as low as 16° below zero. Each vault or chamber 
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ha.s a capacity of 2^ tons, and there are .sixteen of them, giving a total 
capacity of 40 tons, which is the amount of fish that can be frozen 
daily if required. 

“ On heing taken out of the sharp freezers the pans are sent through 
a hath of cold water, and when the fish are removed they are frozen in 
a solid cake. Those cakes are then taken to the cold storage ware¬ 
house, which is divided into chambers built in two storeys, almost the 
same as the sharp freezers. The cakes of fish, as hard as atone, are 
packed in tiers, and remain in good condition ready for sale. Tt is 
possible to preserve them for an indefinite time, but as a rule frozen 
fish are only kept for a season of from six to eight months. They are 
frozxm in the spring and fall, when there is a surplus of fish, and sold 
generally in the winter, or in the close season, when fresh fi.sh cannot 
bo obtained.” 

For shipment, says the same authority, fish may be packed in bar¬ 
rels after the following directionsPut in a .shovelful of ice at the 
bottom of the barrel, and be always careful to see that auger holes 
are bored into the. Ijottom of the barrels, to let the water leak out as 
fast as it is produced by the melting ice. After putting in a shovelful 
of fine ice, crushed hy an ice mill, put in about 50 lbs. of fish ; 
then another shovelful of ice- on top of the fish, ifcc., until the barrel 
is full, always leaving space enough on the top of the barrel to hold 
about three shovelsful of ice. By shovels, scoop shovels are meant.” 

The following is said to be the usual method adopted in salmon 
freezing works on the Pacific Coast:—The choice steel head and oval 
chinook salmon are received in a large, airy room, where they are 
washed, thoroughly cleansed, and laid upon large trays, which are 
ranged in tiers one above the other. When a truck-load of these trays 
is filled it is wheeled into the freezing room, where it remains about 
thirty-six hours. The cars are then wheeled into the packing room. 
Here the fish are placed upon a large elevator or dipping machine, and 
submerged in 9. vat of cold water. They are then let stand for a 
few minutes, and a thick coating of ice is formed around each fish. 
The fish are then wrapped separately in paper and packed in boxes, 
which are put into refrigerator cars and shipped to the markets of 
the world. 

Mr C. J. Tabor, in a paper read before the Cold Storage and Ice 
Association, gives the following particulars regarding the preservation 
■ of fish: “One of our large refrigerating companies, he says, has hit on 
tJie plan of covering fish with a Ihin layer of water and then freezing 
it. So to speak glazing the goods, and from samples I have seen this 
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works very well; but let us consider what has happened : the whole 
body has first of all been copied down to 40° Eahr. before the surface 
ice can form. I myself have often preserved white fi.sh—cod, haddock, 
turbot, plaice, hake, itc.—by simply hanging them in a store at 
28” Fahr. and leaving them till hard frozen, then transferring them to 
a ehaml)er cooled down to ID' Fahr., they were delivered in Melbourne 
three months later in the pink of condition. Most of the pleuronectida) 
bear refrigeration exceedingly well, but soles and smelts do not; the 
former apjiear to be broken up by the process and will not skin 
properly. Smelts ai’e so delicate that a natural frost often renders 
them un,saleable. Salmon bears the initial freezing very well, laut if 
allowed to rise in temperature and be then refrozen it liecomes unsightly 
and rank in flavour. Eels will nut bear the refrigerating process, but 
become .so i-ank ns to be uneatable. The r -ason I would assign for 
this rancidity both in (lels and in sahm n is that in tin: natural order 
of things fre.sh .salmon contains a deal of oil in the fat which con¬ 
stitutes the .so called curd, so a)ipreciated in fresh salmon; when it is 
(Willed down to 1 , low tcmjierature the fat cells are burst, and permeat¬ 
ing the tissue, give it a rank flavoui The oil, moreover, finds its way 
to the surface and causes that yellow look so often .seen in long stored 
salmon which ha.s (‘.xperionced anything in temperature; on this 
oleaginous pabulum a peculiar form of mould is often found. I'rozen 
salmon requires to be used as soon as thawed ; if exposed for any length 
of time the flesh goes into a soft mass and looks as bod as it tastes. 
Eels are nearly ns delicate as smelts, and are spoiled for commercial 
purposes even if naturally frozen.” 


Buttkk. 

Butter can be preserved by either keeping it in a chamber at the 
ordinary cold storage temperature, or by freezing, the latter being said 
to give the best results as regards the retention of the flavour and other 
qualities of the butter. For lengthened storage it is recommended to 
freeze the butter rapidly at a temperature of from 5° to 10° Fahr,, and 
afterwards to keep it’at about 20° Fahr. 

The thawing can be effected by simply removing it from the fi’eezing 
chamber, and when seUing it is desirable to allow the butter to stand 
for a short time in order to develop the flavour. See also chapter on 
“ Refrigeration in Dairies,” pages 422 to 438. 


25 
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Cheksk. 

Cheese should not he placed in void storage until it is getting on 
in ripwiing, so as to prevent unpleasant odours, and it should not be 
previously subjected to any high temperatures. Cheese is b(dtpr not 
frozen, but in case the latter should twcur, the thawing must be 
gradual, and it is sulvisable to consume it as soon us possible, as it 
will not k(!ep long after this has occurred. Tf the atmospheio of the 
room is too dry the cheese will shrink and crack, and on tlu! either 
hand, if damp, the cheese will become mouldy. 


Milk. 

Milk should only be kept in cold storage for limited pcriiHls A 
methiKl has, however, lieen proposed, according to Professor Siebel, for 
concentrating milk by the freezing process by which part of the water 
in the milk is converted into ice. The ice is allowed to form on 
the surface of the pans, which are placed in cold rooms, and the surface 
of the ice i.s broken frequently, to present a fresh surface for freezing. 

The refrigeration and cold storage of milk will be found further 
dealt with in the chapter on •‘ Refrigeration in Dairies,” pages 422 
to 438. 


Enos. 

Eggs can be kept in cokl storage for some months, but the diffi¬ 
culties to be overcome in order to ensure .success arc considerable. 

The contents of eggs can lie stored in bulk, to effect which the 
eggs are emptied iiito tin cans containing about 50 llis. and stored at 
30° Fahr. They will keep for any reasonable length of time, but 
must 1)6 used quickly after thawing. 

In the United States, where much attention has been given to the 
cold storage of eggs and where the value of the eggs placed in cold 
storage annually is estimated at about $20,000,000 (and it must be 
remembei-ed that the prices there are low, and consequently this sum 
repAsents a very large quantity), many concerns met with financial 
disaster, luid those which have succeeded have had to instal new 
systems and make expensive changes. 

, It is important that eggs for cold storage should be very carefully 
selected, and that every bad ‘one should te picked out by nandlin^ 
Considerable attention has been given in Belgium to the odd storage «l 
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eggs, and at a large establishment (La Fermiere) in Brussels the follow¬ 
ing is the process carried out. On arrival the eggs an^ rapidly in¬ 
spected by means of an egg-testing machine, which consists briefly of 
a frame fitted with an endless moving carrier woi ked by hand, and 
constructed of bobbins fitted closely together apd lined with cloth, 
thus affording accurate hollows in which the eggs may he placed. 
Over the central portion of the frame is constructed a dark chainljer 
or room through which the carrier moves, and beneath the earlier in 
this dark chamber is a powerful electric lamp by which the spots 
or dark colour of the bad eggs will he shown up. This apparatus 
admits of an exceedingly rapid imspectioi., a large-sized one installed 
•it the works in ((uestiou laung capable of dealing with between 
four and five hundred eggs per minute. The eggs are fed on trays to 
the testing machine, and after testing an placed in eases of from 
three to five hundred, the smaller pm;'-agc being found to lie the 
most convenient for handling. These oases are fir.st taken to an outer 
egg store, where they are reduced to a temperature of about 33“ Fahr. 
From there tin y are removed to the general store where they are kept 
at a temperature just below freezing. Tlie cold rooms are provided 
with large air locks or lobbii’s. 

An important point to lie attended to in the cold storage of eggs 
is the correct relative humidity, too dry a tempeiature will cause 
serious evaporation, and two moist a temperature will produce mould, 
and the exact relative humidity mixst .suitable does not seem to be 
understood even in the United States, judging from the remark 
reported to have been made to a I’efrigerating exjiert by a prominent 
commission man who observed, alluding to storage eggs ; “You storage 
men aro between the devil and the ileep sea. You always shrink 
'em or stink ’em, ’ by which he mciuit that eggs held any length of 
time in cold storage would show either a considerable evaporation or a 
radical “ musty ” flavour. 

'I'hc above renders it necessary to carefully provide for the ventila¬ 
tion of egg stores, and js the I'cason why absorbents for drying the air 
are largely useil. An excellent arrangement for this purpose is that 
which has been already shown in Fig. 194, page 398, which, as has 
been already mentioned, has been designed by Mr Madison Cooper, 
of Minneapolis, Minn., U.S., especially for the ventilation of egg 
stores. 

Accoi-ding to the above authority the following is the correct rela¬ 
tive humidity for a given temperature fn egg rooms;— 
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Temperature 

Relative Huiiildiiy 

'i'emperatuie 

Relative Humidity 

in degrees Falir. 

per cent. 

in degrees Kalir. 

per cent. 

2S 

- SO 

35 

- 05 

2!} 

- 78 

30 

. 62 


- 70 

37 

- 60 

ai 

71 

3S 

- 5S 


- 71 

39 

- 56 


im 

40 

- 53 

34 

It is in 

- (i7 

jjosKible witliiii the; hjih 

ce at command to 

deid (!ven corn- 

fiaratively fully with the subject of egg storage, and to those interested 


tli(! autlior would slroiioly recoimiioiKl tlio perusal of a little work by 
Mr Miulison Cooper (uititlod “ Eggs in tlold Storage, ’ and juddished 
by Messrs H. S. Kieb it Co., Chicago, U.S. 


FliUlTS. 

Tt’may be taken a.s a general rule that all green fruits sbould not 
be allowed to wither. 

Citrus fruits (orange, lemon, eiti’ou, lime, forbidden fruit, or .shad¬ 
dock, itc.) sbould bo kept dry until the skin has yielded its nioi.sture, 
upon which the drying process should be arrested. 

There is no particular practice for lainauaa as the ripening will 
have to bo governed according to the demand, and it may be taken that 
the ripening of this fruit can be manijiulated at will. 

Tender fruits are better placed in cold storage when just ripe as 
they then keep better than when brought in tefore lajing fully ripe. 
According to Professor Siebol sour fruit will not bear as much cold as 
swecit fruit. Catamba grapes will suffer no harm at 26° Eahr., while 
36“ Fahr. will be as cold as is safe for a lemon. The .spoiling of fruit 
at temperatures below 40° Fahr. is due to moisture. 

Tender fruits, such as pears, must be stored whilst firm, and must 
he very carefully handled, and they should be wrapped in paper. 
Once the chemical changes which cause ripening have set in it is too 
late to place them in cold storage. After being kept in cold storage 
peafs will spoil very quickly on removal. 

Lemons as a rule cannot be kept in cold storage for over four 
months, although it is stated that these stored during January, 
February, and March will keep good for five months. 

Grapes do not keep well In cold storage, and lose most^of their 
flavour of taste. The harder species naturally keep better than 
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the softer ones. Grapes lose mon- of their flavour when kept at 
a teiiiperatui'e of, siiy, 32° Fahr,, than they do when kept at 
40° Fahr. An important point is tf) carefully pick, select, and pack 
the fruit, and it is to be noted that a single ?'otten grape will taint a 
whole lot. 

Black currants can be kept sound, fro.sh, and cl(«r for ten days, 
after which the fruit begins to wrinkle. 

Ked currants can be kept .sound tor si.v weeks. Tenipm-nturo 
2(!" to 36° Fahr. 

Clierrie.s can be preserved tor from ten days to a fortnight at a 
temperature of .36° Fahr. 

Strawberries can be preserved in good condition for fifteen days, 
and even longer if special precautions are taken, such as surrounding 
the fruit with cotton wool, or placing it in sifwes covered with the same 
material. The l)est temperature is found to be 30° Fahr. Peaches 
will keep in j'rimc condition for a raorbli ur six weeks. The same 
remarks as I'pgard.s selection apply equally in these cases, as, indeed, 
they do more o ■ less to all fruits. 

Apples must not 1)6 kept in too dry an atmosphere, as if this l)e 
done they will be .viltcd or witheiaxl, and their appejirancc spoilt; this 
is more especially the case when they ai-e kept at a comparatively high 
temperature. On the other hand too moist an atmosphei’e and high a 
temperature will cause the apples to burst. The storage of apple.s 
may be effected either in barrels or boxe,s, or in bulk, first-rate results 
being obtainable with all provided proper precautions as to tempera¬ 
ture and moisture are taken. 

A process for preserving fruit has been invented and patented 
by Mr A. W. Lawton, which is said to have proved completely 8ati.s- 
factory in an experimental trial of twenty-one days with tomatoes, pine¬ 
apples, and grapes. 

The process is founded tipon the belief that fruit i.s provided with 
breathing cells, which breathe air in a similar manner to the human 
being, absorbing oxygen and exhaling carbonic acid, or the exact 
reverse of ordinary plant life. The oxygen, when inhaled, combines 
with the sugar or carbon wliich is contained in the fruit, thereby 
causing self-consumption, or loss of substance. In order to prevent 
this taking place, the atmosphere supplied to the fruit under this pro¬ 
cess is deprived of most of its oxygen, by which means it is claimed 
that the breathing cells of the fruit become parti.ally closed, and thus 
the further ripening of the fruit is suspended. 

The apparatus employed is shown in Fig. 281, and comprises a 
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chimney or flue a, a stove b, an air filter c, and an air-tight storage 
room D having a hermetically clo.sing door E. As soon a.s the fruit 
ha.s been placed in the room n it is .sealed up, the atmospheric air 
driven out, and replaced by a sterilised atmosphere produced and main¬ 
tained in the following way By means of an ordinary blower or fan 
F, air is forced through a stove n containing red-hot coke, whereby the 
oxygen is consumed and any germs or animalcula destroyed. The 
gases thus produced are then filtered by passing through the air filter 
0 and cooled before entering the chamber by passing over refrigerating 
coils. 

Whilst superintending the transportation of a shipment of fruit on 
Isiard the S.S. “Para,” preserved by this process, Mr Ijawten lost his 
life through an accidental explosion of a .spare store of chemicals, which 



Fig. ‘281.—Lawton’s Apparatus for Preserving Fruit. Diagranimatinal View. 


lamentable accident also resulte<l in the injury of several other persons, 
and in considerable damage to the vessel. 

Among a few of the claims put forward by the inventor, mention 
may bo made of the following, viz., that fruit can ho picked ripe, con¬ 
sequently perfect, and can in that state be conveyed to this country 
from any part of the world, and stored on arrival here. When finally 
expo-sed for sale it will keep for a long period. And furthermore, 
that the process is simple and comparatively inexpensive, and that it 
can l)e applied to existing refrigerating installations in conjunction 
therewith. See also Marine Refrigeration, pages 419, 420. 

Veortables. 

Green wegetables generally sliould, like green fruit, not be allowed 
. towitlier. . 

Sound Onions may be maintained in good condition in cold storage. 
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for a number of months (six or seven), but care must bo taken that 
when placed in the store they are as dry as possible, and for this 
purpose they may advantageously Ik) exposed to a dry cool wind so as 
to give up most of their moisture. Onions should never b(! stored in 
the same room with other goods, and on their removal the room must 
ho thoroughly exposed to the air, well scrubbed out, and when dry 
the walls, floor, and ceiling should he whitewashed. It is also I’e- 
cominended to give the room a good coat of p-aint or enamel paint. 
Some American authorities hold that if a room has licen onco used 
for storing onions it should not afterwards he employed for the storage 
of eggs, butter, or other articles especially susceptible to odours. 

I’ar.snips and salsify can he advantageously kept in cold storage 
undei' tin' same conditions as onions, with the exception, however, that 
they will stand freezing without injury. Asparagus, cabbage, carrots, 
celery, can he kept with little humidity. 

AToB(inEs OR Mortuaries. 

Tli(! Morgu ' at P.iris comprises a chamber foi' the reception of 
corpses, a chamber for storing corpses, a chamber for exposing the 
corpses to view, and a hall for the public, which latter is separated 
from the former chamber by a double screen of glass kept transparent 
by a continuous circulation of cold air. On their arrival the corpses 
are received in the reception chamber, where they are undressed and 
washed. Next they are placed in shells and subjected for from 
twenty-four hours to forty-eight hours to a temperature of - 15° C., 
after which they are placed on view. Should any of the corpses not 
1 hi identified after a certain time, if desirable, they are stored at a 
temperature of - G” C. The fiviczing shells are of metal with double 
walls, and the refrigeration is effected by a circulation of cold brine. 
Mechanical ventilation is only employed to regulate the temperature 
of the chambers. 

In the following table will be found the temperatures considered 
be.st adapted for the cold storage of various articles, as given in the first 
and second editions of “ Refrigerating and Ice-Making Machinery,” 
and also those recommended by a number of other autliorities, arranged 
in columns for convenience of comparison;— 



Tempebatukes Adapted fob the Coed Storage op Vaeiods Abticles. 
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Temperatures Adapted for the Cold Storage of Various Articles—C oTCiMnied'. 


temperatures for cold storage. 39 : 











^■MPBRA'FDRBS ADAi>TE0 FOR THB COLD STORAGE OF VaRIODS ARTICLES— Continued. 
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Tempbratukes Adapted fob the Cold Storage of Various Articles— Continued. 
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CHAPTER XVI 

MARINE REFRiaEltATION 

Carbonic Acid Machines—Aimmmia Macliiiies—Cold-Air Machines—Arrangement 
of Cargo Holds and Stores—Ice-Making on Board Ship—Barges. 

Makinr refrigeration offers consideraBly more difficulties, both as 
regards the machinery, and likewise with re.spcct to the installation 
of the cold chambers, than i.s the case with land in.stellations. 

As regards the machinery, in tlie first place, the space at command 
is necessaialy limited, and consequently it is absolutely necessary that 
the design should be such as to occupy the minimum of room, whilst 
affoiding the maximum of efficiency. 

The agent or medium employed should likewise one of a non- 
inflammable nature, and also one having no deh'terious action on 
copper, which metal has to be employed in the conden.ser in order to 
enable sea water to be used for cooling purposes. 

With reference to the insulation, the settlement or shaking down 
due to the continuous vibration experienced on ship-lxiard has to be 
contended witli. For this reason an excellent material to use for 
insulating purposes in marine installations is what is known as “ Non¬ 
pareil ” cork, which is largely employed in the American Navy. This 
.material consists of granulated cork, made by compressing cork chips 
under hydraulic pressure in iron moulds, and then heating the mass 
while in the mould to a temperature of about 500° Fahr. This treat¬ 
ment has the effeft of liquefying the natural gum of the cork, and 
forming the interstices between the granules into small closed air 
spaces. On the cooling of the moulds the gum hardens, and the mass 
becomes, as it were, a solid sheet of cork. The weight of “ Nonpareil ” 
cork is only 1 iR. per square foot, and it is consequently about the 
lightest insulating material in use. It is said to be 13 per cent, 
superior, as a non-conductor of heat, to hair-felt, and 40 per cent, 
superior to sawdust. Slag, or mineral wool, or silicate cotton, is also 
used very extensively, and with great success for marine work. 

,4s regards the most suitable .system of refrigerating machind for 
•»<%#» * 
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u.se on board .ship, a wide diversity of opinion still exists. In spite 
of comparing unfavourably, as n^gards efficiency, with machines using 
agents pos.sessed of greater latent heat, cold-air niatdiines might still 
be advantageously used for .short voyages, and where coal could be 
obtained cheaj). 'J’here aro no chemicals to Ik! carried, no danger 
from bursting of pi]>cs or joints giving out, and the machine is com¬ 
paratively simjile and easily managed. 

Of machines working on the compres.sion .system, and employing 
a refrigerating agent of a more or less volatile nature, (larbonic acid 
machines ofter advantages which have cau.sed them to be veuy largely 
(unploycsl for marine purpos(‘s, a ftwt which has been proved in a 
practical manner by Messrs •). & E. Hall, Ltd., alone having fitted 
over 1800 mac.hines working on this system on board ship. 

The <iualities which render CO„ particularly suitable foi' use on 
ship-board are: Eir.st, that this agent admits of a much smaller com¬ 
pressor being enijiloyeil relatively to t''e lefrigerating power produced; 
.second, that having no corrosive action on any of the metal.s, it thereby 
allows, os above mentioned, of copper Ijeing usea in the condenser; 
and third and lastly, but not le.ist, it is not only non-inflammable, but 
has the power to extinguish fire, and is therefore perfectly free from 
danger in this respect. As regards the danger to life through an 
escape of this gas, its specific gravity being greater than that of air 
(CO._, spec. grav. 1 529 air - 1) causes it to fall to the lowest level, and 
in practice it is found that no danger is to bo apprehended from the 
escape of a moderate quantity of CO., if the space bo not unduly 
confined and is fairly well ventilated. For this reason the Board of 
Traxle’s instructions to surveyors, issued in ,Tune 1901 re refrigerat¬ 
ing machines, contains the following: “ The surveyor.s are therefoi’e 
informed that, unless they are aware of any .special reasons to the con¬ 
trary, refrigerating machines in whi(!h carbonic anhydride is employed 
as the working agent may be placed in the engine-rooms of steam¬ 
ships, provided the weiglit of the charge which would be released by 
a breakdown of the instehine, or of one portion of a duplex machine, 
does not exceed 200 lbs. 

“ When it is proposed to fit a machine using a greater charge than 
this is an engine-room, full particulars of the case, including size, and 
method of ventilating the compartment, and weight of charge pro¬ 
posed, should be submitted for consideration.” 

The principles upon which the marine types of refrigerating 
machines work are naturally precisely the same as those employed 
for service on laud, and therefore the differences ara merely of a 
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structural nature, adapted to render them more especially suitable to 
the construction of vessels. It is purposed, therefore, in this chapter, 
to merely give a few example.s of machines especially designed for 
marine purposes, referring readers for further particulars as to the 
special distinctive details of construction adopted by the various 
makers to the more lengthy and complete descriptions given of their 
land types of machines. 

Fig. 28‘2 shows one of J. & E. Hall’s carbonic acid machines of 
the horizontal duplex marine typo, which has been .specially designed 
for large installations on board ship. This machine is fitted with a 
compound steam cylinder, the high-pressure cylinder Ixsiug oji one 
side and the low-pressure cylinder on the other, a double-acting com¬ 
pressor being driven by a tail-rod from each cylinder. The two 
machines are so arranged that either both sides can be worked 
together, or, if desired, one half, that is to say, one compressor with its 
condenser and evaporator can be disconrrected, when the other half 
can be worked by itself. Each compressor delivers the compressed 
' carbonic acid through an independent condenser, which is placed in 
the base of the machine or built separately as may be found to bo 
most convenient, and in which sea water is circulatcrl round the 
condenser pipes through which the carbonic acid passes. 

This typo of machine is also built in pairs mounted on tlur same 
base or bed-plate, with compound steam cylinders, the high-pressun; 
cylinder Ireing located on the one side, and the low-pressure cylinder 
on the other. The two compressors are, in this type, driven by tail- 
rods from the steam cylinders, and the cranks are placed at right 
angles, an arrangement which tends to ensure an even turning move¬ 
ment. Each compressor delivers the compressed carbonic acid to an 
independent condenser, which is usually placed in the base of the 
machine, and in which sea water is circulated round the condenser 
pipes through which the carbonic acid passes. In connection with 
each side of the machine a separate evaporator or refrigerator is pio- 
♦ vided, which consists, as in the land t 3 rpe, of coils of pipes, in which 
the liquid carbonic anhydride evaporates or gasifies, and which coils 
are enelosed in a steel casing, in which the brine is circulated by 
„ means of pumps. The brine thus cooled is, in one arrangement, 
circulated through electrically-welded grids of piping, each containing 
about 200 feet of pipe, which grids are divided into sections, each 
section having a separate flow and return from the evaporator or 
i'' refrigerator, and valves being provided for regulating the quantity of 
*■ oold brine in each section as required by the temperature in tho holds^ 




Fig* 282.—Hall Horizontal Duplex Marine Type of Stoam<driven 
» Carbonic Acid Compression M^Mne. 
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The grids arc placed on the under side of'the decks over the holds to 



Kg. 283.—Hall Vertical Marine Type of Steam-driven 
i Carbonic Acid Compression Machine. 

be refrigerated, preferably between the deck beams, so as to occupy no 
valuable space, and b>'be protected from damage. • 
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In another arrangement the brine is passeil through a suitable 
battery of pipes, over which air is drawn by fans, and is passed 
through the holds to be cooled. 

In Pig. 283 is illustrated one of the vertical duple.x marine types of 
machines built by the same firm. This pattern of machine is especially 
designed for preserving provisions on passenger steamers and on steam 
yachts, and for making ice. The machine is fitted with compound 
steam cylinders and two compressors, in connection with each of which 



Pig. 284.—Hall Small Marino Typo of Steam driven Orbonlo Acid 
Compi-cHsinti Machine. Vortioal Central Soction. 

latter is a condenser'and an evaporator or refrigerator, there being 
thus two entirely independent complete carbonic acid machines, either 
of which can be diseonnocted, and the remaining machine run with the 
compound engine. 

Smaller marine-type machines (Fig. 284) are also made by this firm, 
having a single vertical steam cylinder, and the compressor arranged 
alongside of it, both being fixed to a casting containing the condenser 
coils, whijh latter are made of copper, and behind which casting is 
*6 
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anotiier secured to it, end containing the evaporator or refrigemtor 
coils. 

Turning to machines working on the ammonia compression system, 
Fig. 286 shows a marine t)fpe of the De La Vergne machine. It is 
a vertical single-acting compressor, actuated by a high-pressure 
horizontal steam engine, fitted with a special governor, which admits 



Fig. 285.—De La Vergne Vertical Single-Acting Marine Typo of Ammonia 
Compreasion Machine. 


of the steam supply being determined for wide ranges of speeds when 
required, say for any speed between 30 and 300 revolutions per minute, 
without interfering with the running or stopping the machine. The 
eonfitruotion of the compressor cylinder is identical with that illustrated 
in the enlarged sectional view. Fig. 17. 

. In the marine type of Linde machine a single compound ammonia 
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compressor is employeil, wliicli, as in the case of the land type of 
machine, is also driven by means of a tandem compound engine. The 
ammonia condenser is situated 


below the compressor, and is 
fitted with sets of endless coils 
or worms. By the use of a 
compound compressor, that is 
to say, one wherein the com¬ 
pression of the ammonia gas 
is effected in two stage.s, the 
loss from re-expansion of gas 
left in the clearances is com¬ 
pletely got rid of, a-s such loss 
is experienced in the low 
pressure compressor cylinder 
only, none taking place in 
the high-pressure compressor 
cylinder. 



Figs. 286 and 287 show 
two ammonia machmeii of tho 
horizontal marine type, de¬ 
signed by Mr S. Puplett, the 


Kig. 2SU.—Pupk'tt Horizontal Marino 
Type of Steinn-driven Ammonia Compres¬ 
sion Machine. 


first being a horizontal ammonia compressor connected with a vertical 
engine, all mounh'd upon the same hod-plate, and the second a com- 



Fig. 287.—Puplett Horizontal Marine Type of Belt-driven Ammonia 
Compression Machine. 


pact form of horizontal belt-driven* ammonia compressor, especially 
designedjfor marine work. 
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Fig. Vertical Self-contaiued Marine Type of Steam-dnven 

Ammonia Compr^ion Machine. 






MARINE REFRIGERATION. 


405 



rig. 289.—Haslam Horizontal Marine Tj’pe of Steam-driven Compound Ammonia Compressor. 
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Fig. 288 shows a vertical self-contained marine type of ammonia 
compression machine made by the Haslam Foundry and Engineering 
Co., Ltd., Derby. As will be seen from the illustration, the ammonia 
compressor, steam engine, separator, condenser, receiver, and water 
pump are all mounted on the same bed or base plate, and the design 





Jigs. ‘290 and ‘291.—Kilbourii Horizontal Self-ooutaiued Marine Type 
of Steam-driven Double-Acting Ammonia Compressor. Plan and Eleva¬ 
tion, partly in Section. 

is such that they occupy as small an amount of space as possible, and 
form a completely self-contained apparatus. The bed-plate is of cast 
iron, circular in form, contains the ammonia condensing coils, and is 
made in two parts; the back part being readily removable for giving 
access to the condensing coils for-cleaning and examination. The front 
part is strongly constructed and provided with ribs, facings, and 
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brackets to receive the steam cylinder, ammonia compressor, crank¬ 
shaft, and other working parts of the machine. 

A water pump, shown on the right-hand side of the illustration, 
and worked by a disc crank on the end of the crank shaft, is provided 
for circulating water through the condenser, and when desired a brine 
pump is also fitted. 

This machine is made in sizes from half-ton ice making capacity 
per day up to three tons ice-making capacity per day. The three- 
ton machine will maintain from 16,000 to .S2,000 cub. ft. at 


.32“ Eahr. in ordinary .storage, and 
climate and 10| I.H.P. in a hot 
climate. Three hundred gallons 
of condensing water are required 
per hour, 55' on and 80° off. 
The weight of the machine is 
103 cwt., and the dimensions 
6 ft. 8 in. in depth, •' ft. in width, 
and 7 ft. 8 in in height. 

Fig. 289 is an illustration 
showing the l-ite.d horizontal 
marine type of Tlasiam compound 
ammonia compressor. This ma¬ 
chine consists of a compound 
engine, and compound ammonia 
compressors, the gas being thus 
compressed in two .4ages. Tlie 
whole is mounted upon a c.ast- 
iron Ixsd-plato which in turn is 
mounted upon a wrought-iron tank, 


requires 9 I.H.P. in a temperate 



Fig. 292.—Kilbouru Horizontal 
Double-Acting Marine Typeof Belt- 
driven Ammonia Compressor. 

which latter contains the ammonia 


condenser coils. 

The system of cooling employed with this machine is either brine 
pipes placed in the holds, or the air-blast system ; an installation on ^e 
latter plan, which the above firm put into the New Zealand Shipping 
Co.’s steamer “ Rua'pehu,” consists of a series of direct expansira 
cooling pipes or coils, placed in nests, over which the air is circukt^ 
by means of a powerful fan. The air is cooled in passing through the 
coils to any desired temperature, is then circulated through the holds, 

and then returned again to the fan. 

Figs. 290 and 291 show in plan and in elevation, partly m vertical 
section, a self-contained maidne type of horizontal double-acting am¬ 
monia cgjnpressor and vertical steam engine, on the Kilbourn system, 
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which is extensively used on American steamers. Fig. 292 sliows 
a belt-driven Kilbourn marine type ammonia compression machine. 
This double-acting horizontal ammonia compression machine is 

driven by a vertical engine, which 
is fixed upon the same base or bed¬ 
plate in such a manner as to render 
the complete machine very compact 
in design, one of sufficient power to 
keep a storage capacity of 22,000 
to 26,000 cub. ft. at a suitable 
temperature for chilled beef, 40,000 
to 44,000 ft. for frozen mutton, or 
of making about 6 tons of ice per 
day of twenty-four hours, retjuiring 
only a flt«)r space of 10 ft. by 10 ft., 
including that recjuired for both the 
refrigerator and the condenser. 

The compression cylinders are 
enclosed in water jackets, and are 
fitted with Webb’s patent arrange¬ 
ment of suction valves. The stuff 
ing boxes and glands are of the 
Kilbourn double pattern, that is, 
each box is formed with a chamber 
placed centrally therein, and into 
which oil is injected constantly for 
sealing purposes by a small force- 
pump fixed on the side of the bed¬ 
plate, and worked from a lever 
connected to the compression pump 
crossheafl. The steain cylinder 
piston rods are coupled by means 
of forked connecting rods to the 

Figs. 293 a..d 294.-Marine Type “ ^hose of the 

of Ampiunia Condenser. Plan and compression pumps. 

.^Elevation, partly in Section. Improved forms of gas-tight 

joints and of a stop-cook or valve, 
which will be found described On pages 262 tb 264, and 253, liave been 
also devised, and were patented in 1882 by the same inventor. 

The arrangement of the machine illustrated in Pig. 292 is very 
eompact, having been, designed with that end more especiallj^in view, 
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and for which purpose the ammonia condenser is placed underneath 
the compressor. 

Figs. 293 and 294 show, in plan and sectional elevation, the marine 
type of condenser used in conjunction with these machines. 

Tlie cargo holds of the steamships Campania and Lucania are 
refrigerated with machines of the Kilboum type. The meatcarrying 
chambers in each of these vessels consists of three chambers situated 
forward on the orlop or lower deck, and having a total capacity of 
20,000 cub. ft., which renders them able to carry 2,700 quarters of 
beef. The chambers are very carefully insulated, the walls consisting, 
as shown in Fig. 295, firat of a double thickness of tongued and 
grooved boards a, a, having a layer of waterproof paper b between 
them, next a 2-in. layer of good quality hair-felt c, and another double 
thickness of tongued and grooved boards d, d, with a similar layer of 
paper k, between them, and finally an inch air space f between the 
latter and the inner or iron deck, the whole being well varnished. 



Fig. 295.—Insulation of Cargo Holds on board S.S. “Campania” and 
“Lucania.” Transverse Section. 


The brine cooling pipes, which are of heavy 2-in. galvanised tube with 
malleable cast return bends, are placed on the ceiling between the 
deck beams, thus economising head room, and the rails for the meat- 
books are of 1 J-in. galvanised round iron, firmly clipped to the beams 
supporting the docks. The meat hooks which are placed upon the 
latter, for carrying the quarters of beef, are of steel galvanised. 
Thermometer tubes from the upper deck are provided to each chamber, 
so that the temperature in any part of the chamber may be ascertained 
when desired. , 

Fig. 296 is plan showing the general arrangement of the machine- 
room. A pair of compressors are employed. A, A are the steam- 
engine cylinders: B, b the compression cylinders; c, c the ammonia 
condensers; n, d the liquid ammonia reservoirs; e, e, the refrigerators; 
p is a brine circulating pump of the duplex pattern; o is a manifold 
or distributing pipe to the different cooling pipes in the chambers; h 
is the collecting pipe at the top of the refrigerator. It will be seen 
that the oftld paijta of the machine are enclosed in a separate chamber 
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having walls insulated in a similar manner to those of the meat-carrying 
stores or chambers, thereby preventing as far as practicable loss through 
absorption of heat. 

The compressors are of an ice-producing capacity of 12 tons a day, 
the compression cylinders being 6 in. in diameter by 12 in. stroke, 
and the steam cylinders 8 in. diameter by 12 in. stroke. 

The ammonia condensers c, which are more clearly shown in 



Fig. 296.—Han of Refrigerating Machine-room on Cunard Steamers. 


Figs. 293 and 294, are constructed of a cylindrical form, the shells being 
made of wrought iron, and the covers of cast iron, and they are fitted 
with concentric coils of IJ-in. galvanised iron pipe, connected together 
at their extremities by means of tee-pieces made of malleable castings. 
The ammonia condensers are in this case, moreover, carefully lagged 
■with teak wood. The water for use in the ammonia condensers c is 
supplied and circulated by means of a duplex steam pump (not shown 
in the drawing), located in the forward boiler-iwm of the <steamship. 




















MARINE REFRIGERATION. 


411 


The ammonia gas after compression in the compressors b, and lique¬ 
faction in the condensers c, under the combined pressure of the 
pumps or compressors b, and the cooling action of the condensing 
water circulating on the exterior of the coils or worms in the condensers, 
is delivered to the reservoirs I) for the liquefied ammonia, through small¬ 
bore pipes. From these re.servoirs the liquid ammonia is admitted 
through suitable graduated expansion or regulating valves to the lower 
ends of the expansion coils in the refrigerators e, wherein the liquid 
ammonia again vaporises or gasifies, abstracting the heat required for 
this process from tho brine surrounding the expansion coils, and being 
again returned to the compressors, and so on ad infinitum in the 
manner already described. The absolute working pressure in the 
refrigerators is about 30 lbs. per square inch. 

Tho brine having been reduced to tho desired temperature in the 
refrigerators, passes into the system of brine circulating pipes, and 
maintains the atmosphere of the cold stoi'» or chambers at a tempera¬ 
ture suitable for the jiroper preservation of the meat. Tho circulation 
of the brine ' effected by the brine pump F, which draws the cooled 
brine from the bottom of the refrigerators n, and discharges it through 
the distributing t.ee-]iiece and valves, or manifold o, to the different 
sections of the cooling pipes in tho chambers, and returns it through 
a similar tee-piece, manifold or distributor H to the top of the 
refrigerator to Ix! again cooled. The return brine pipes are each 
fitted with a regulating valve and a thermometer, 

The cold air or provision stores or chambers on board of the 
“ Campania ” and “ Lucania ” are fitted up with refrigerating plants, on 
the De La Vergne ammonia compression system. 

llie refrigeration is effected on the brine circulation, and not upon 
tho direct expansion system, a solution of calcium chloride being the 
agent or medium employed, and this solution is reduced to a very 
low temperature in the usual manner, by the expansion of the ammonia 
gas or vapour, in coils or pipes submerged therein, and is circulated 
by a special pump through the system of cooling or refrigerating pipes, 
which latter are fixed to the under side of the roof or ceiling of the 
cold store or chamber. 

The method employed for the insulation of the store or chamber 
is shown in Pigs. 297 and 298, which are vertical sections through 
the roof or ceiling thereof, a, a are the refrigerating pipes; b, b 
the meat rails; c is a filling of sawdust; n, n are layers or skins of 
tongued and grooved boarding; E is a layer of hair-felt; and F, p 
are layers’ of tarred waterproof paper. The brine pipes are divided 
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having walls insulated in a similar manner to those of the meat-carrying 
stores or chambers, thereby preventing as far as practicable loss through 
absorption of heat. 

The compressors are of an ice-producing capacity of 12 tons a day, 
the compression cylinders being 6 in. in diameter by 12 in. stroke, 
and the steam cylinders 8 in. diameter by 12 in. stroke. 

The ammonia condensers c, which are more clearly shown in 



Fig. 296.—Han of Refrigerating Machine-room on Cunard Steamers. 


Figs. 293 and 294, are constructed of a cylindrical form, the shells being 
made of wrought iron, and the covers of cast iron, and they are fitted 
with concentric coils of IJ-in. galvanised iron pipe, connected together 
at their extremities by means of tee-pieces made of malleable castings. 
The ammonia condensers are in this case, moreover, carefully lagged 
■with teak wood. The water for use in the ammonia condensers c is 
supplied and circulated by means of a duplex steam pump (not shown 
in the drawing), located in the forward boiler-iwm of the <steamship. 
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apparatus is, however, in every way identical, and the description of 
the complete installation will apply equally well in this case. 

The machine is capable of making 5 cwt. of ice daily, in addition 
to the performance of the refrigeration required in the cold storage or' 
provision chamber. 

Fig. 299 shows an Knock electrically driven ammonia compression 
machine, marine pattern. In this arrangement, as shown in the illus¬ 
tration, the ammonia compression machine is coupled direct to the .spindle 



I' ig. ‘2S9. —Knock Electrically-rlriven Ammonia Compression Mactiinc, 
Marine Pattern. 


of a direct current slow speed motor mounted on an extended bed¬ 
plate. The compressor is of the double cylinder pattern, single acting, 
with from 20 to SO'lbs. pressure of gas only upon the oil sealed packing, 
escape of gas being thus practically an impossibility, the joint beii^ made 
on a revolving shaft instead of a reciprocating rod. The compressor 
is of the Enook safety self-oiling type, which will lie found described 
in a previous chapter. • 

As“hapbeen already mentioned, in spite of their inferior efficiency, 
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n certain cases cold-air machines can be used to some advantage, on 
board men-of war for instance, which vessels remain at sea for some 



’Fig. 300.—Hall Veitical Marine Type of Steam-driven Cold-Air Machine, 
years, and a difficulty might be experienced in obtaining carbonic acid, 
or otjier volatile agent. 
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Fig. .300 illustrates a Hall vertical marine type of steam-driven cold- 
air machine, fitted with compound steam cylinders, which is the pat- 



Fig. 301.—Hoslani Vertical Marine Type of .Steam-driven Cold-Air Machine. 


tern o| machine supplied by Messrs J. & E. Hall, Ltd., to H.M. 
Admiralty, and ^to other navies. Another marine type of air compres- 
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sion refrigerating machine, made by the above firm, is of a horizontal 
pattern, also fitted with compound steam cylinders. 

Figs. 301 and 302 show two recently designed marine types of Has- 
1am cold-air machines. That shown in Fig. 301 is from a photograph 
of one of two similar machines recently supplied to the Royal 



Fig. 302.—Haslam Vertical Marine Type of Steam-driven Cold-Air Machine 
and loe-moking Apparatus. • 


yacht. Pig. 302 is a pattern which has been supplied to the British 
Admiralty for the manufacture of 86 lbs. of ice pa- day of twelve 
hours on , warships. 

I In a marine installation the pipe or trunk for admitting the cold 
. air is usually fixed along one side of the cold store or chamber in the 
.hold, as-near the top or ceiling as possible, the return pipe or trunk 



MARINE REFRIGERATION. 417 

being placed at the opposite side of the chamber. As in land installa¬ 
tion, the inlet trunk or pipe is fitted with a number of apertures governed 
by sliding doors; these are only opened to a very slight extent at the 
end nearest the machine, and gradually more and more as they approach 
the end furthest therefrom, thus equalising the temperature in the 
chamber. 

The most important point is to ensure the cold air being thoroughly 
circulated and penetrating every portion of the chamber, and ther- 
mometers should be hung in different positions therein to form a check 
to the deck pipe ones. Where a cold-air machine, unprovided with a 
special arrangement for drying the air, is used, the snow box must be 
cleared out repeatedly, to prevent the passages, and also the slide 
valve ports, from becoming blocked up, and the trunk or inlet pipe 
must be cleaned once a day or oftener. 

For marine purposes the cold-air refrigerating machine was first in 
the field, and is stiU preferred before other systems by many engineers, 
and by the Admiralty; but owing to certain defects in the earlier 
machines, other systems have been tried. The difficulty with any new 
system is the necessity for carrying a considerable store of c hemiesl. 
and serious accidents have resulted from the use of these machines on 
ship board.* There is also the danger of running short of these 
chemicals by any accident to the vessels in which they are stored. Now, 
with cold-air machines no chemicals are required, the pressures adopted 
are low, and possibility of accident to the machine is even more remote 
than accident to the main propelling engines. 

A new cold-air machine has recently been designed by Messrs 
T. & W. Cole, Ltd., to overcome the defects of the earlier machines 
of this type, in which each defect has been combated with marked 
success, as described in previous chapters. 

Previous to storing the carcasses in the cold storage place, a thorough 
inspection thereof should be made, and any damage to the walls made 
good. When the cold storage space in filled, the hatches should be 
made tight by caulkii^ with oakum, or, preferably, they should be 
fitted with india-rubber insertions, which afford a greater certainty 
of air-tight joints being made. 

An arrangement’ of a small cold storage chamber, such as is very 
frequently constructed on board a large passenger steamer, is shown 
in sectional plan in Big. 303. The refrigeration is eflfeeted by means 
of a Lightfoot, Haslam, or other cold-air machine of the vertical type. 

The arrangement of this cold storage chamber, which is practically 
t Vide leading article in The Engineer, 3rd .January 1903. 

*7 * 
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similar to that of those used on tlie passenger steamers of the Peninsular 
and Oriental Company, will be very readily understood from the 
drawing, wherein A is the meat room, the temperature of which is 
kept down to about 20° Falir., and wherein are situated the ice-making 
or freezing tank b, the ice cans or cases b' b’, and the ice store c. i> 
is the vegetable room, which is maintained at a temperature of about 
40° Pahr., and in which are placed the water-cooler e, wine closet or 
cooler F, and hanging room G. 

It is, of course, obvious that the ice-making or congealing tanks or 
boxes, employed on shipboard, must be considerably modifle<l in order 



Fig. .103.—Arrangement of Cold Storage Chamber on board Large Passenger 
Steamer. Sectional Plan. 

to provide for the motion of the vessel. In Pig. 304 is shown in plan, 
and in longitudinal and tranverse section, a type of marine ice-making 
box or tank designed by Mr Kilboum, and installed by him on the 
International Navigation Company’s vessels “ St Louis ” and “ St Paul.” 
In’the left-hand top comer of the illustration is shown an end view 
of the refrigerating coils. 

Carcasses should be packed as close together as possible, consistent 
with safety, a space being left round the sides for the circulation of the 
cold air. The space allowed for the storage of a 66-lb. carcass in the 
refrigerated spaces on steamers is 2-8 cub. ft. 

• The proper stowage of a fruit cargo in the cold store or "chamber 
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is likewise a matter tliat must be carefully attended to, in order to 
ensure its arrival at its destination in good condition. The rasential 
point to be insisted upon is that clear spaces or clearances of at least 
|-m. be left between each tier of cases and between the cases and 
the bottom, sides, and ceiling of the chamber. These clearances 
can be managed by the insertion of laths of a suitable thickness 
between the cases. Passages should be also provided for admitting 
of inspections of the state of the fruit being made during the voyage. 

The best temperature to maintain for fruit is one of from 45° to 
55° Pahr., and this should be evenly kept up throughout the entire 
cargo. It must be borne in mind that the .slightest degree of frost 



Fig. ;i04.—Ice-making or Congealing Tanka or Boxes for use on ShiplKiard. 
Plan, Side, and End Elevations, and Detail View 


will destroy a whole cargo of fruit. It will generally be found 
sufficient to run the refrigerating machine about twelve hours per day 
in hot latitudes and six hours per day in cooler ones. 

It is most important that the temperature should not be permitted 
to vary to any great exhmt during the voyage, and as considerable 
difficulty is experienced in attaining this end, it is desirable to provide 
a check upon those in charge. For this purpose a thermograph, or self¬ 
registering thermometer * is, or ought to be, provided in connection 
with each chamber fitted for the carriage of fruit, so that an accurate 
record may be kept of the actual changes of temperature that have 
* For descripkion of thermograph or self-registering thermometer see pp. S74,576. 
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taken place during the voyage, and it can bo seen at a glance on arrival 
whether the fruit has been carried under proper conditions or other- 
wise. 

Fig. 305 is a transverse section of a ship fitted with an arrange¬ 
ment of Sir A. Seale Haslam. Chambers as shown, are cooled by pipes, 
and are fitted with rails for hanging the meat in the ordinary manner. 
Channels are provided by which air can be supplied to the chambers 
through suitable openings, and also channels by which air can be 
drawn from the chambers through other openings. On the right is a 



Fig. 305.—Haslam Method of SteriUsing the Cold Air for use in Ships’ Holds. 

fan for circulating the air through a chamber heated by steam pipes 
or by a jet of steam, or by both, and provided with a trap for removing 
condensed water. The air passing through this chamber is hea^ to, 
say, 300“ Fahr. and may be treated to a steam injection, as it is well 
known by experiments that to effectually deal with bacterial growth 
and organisms it is necessary in many cases to moisten the air with 
■' steam at a high temperatui'e, as well as to bring it in contact with hot 
surfaces at a high temperature; The heated and sterilised air is next, 
'passed into a to^r where it is washed and cooled by at cold-water 
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spray supplied by a pump, and from thence into another or cooling 
tower in which it is washed and further cooled by a spray of cold brine 
supplied by another pump. Baffle plates as shown are provided in the 
towers and also water and brine outlets. From the latter tower the 
cooled air passes to a drying chamber fitted with baffle plates and 
water or steam pipes, the latter being used if necessary to slightly 
raise the temperature of the air if it has been made too cold in the 
cooling tower. A water outlet is provided in this drying chamber. 
Essentially the operation consists in sterilising the air circulated 
through a chamber cooled by means of cold pipes or surfaces consisting 
in heating the air, then washing and cooling it, and lastly drying it by 
passing it over cold dry surfaces. 

Baiujks. 

An important type of portable refrigerator is that adapted to meet 
the requirements of barges which it is desirable to maintain at a low 
temperature without encumbering them with machinery, or rendering 
in any way necessary the employment of special labour to take cliarge 
of the same. 

The frozen meat, as a rule, arrives in good condition on board the 
vessels, and deterioration in qu.ility usually takes place, as has been 
already mentioned, during its transference to the cold stores on land, 
and again during the subsequent delivery thereof to the retailer, when 
the meat is exposed to temperatures frequently much higher than what 
is required to preserve it in good condition. The Pulsometer Engineer¬ 
ing Co., Ltd., claim to have devised a successful system of refrigeration 
for barges. 

Since the beginning of 1888, moreover, the London and Tilbury 
Lighterage Co., Ltd., have had barges fitted with special refrigerating 
apparatus successfully plying upon the Thames, the meat landed by 
them being invariably in good condition, and not infrequently at a 
lower temperature then than when first discharged from the vessel. 



CHAPTER XVII 


EEFEKJEKATIOX IN DAIEIER 

Methods of using Mechanical Refrigeration in Dairies—Examples of Mechanical 
Refrigerating Installations in Dairies—Milk or Cream Coolers—Ice-cooled 
Creamery Refrigerators—Air-Circulation System—Cylinder System—Insula¬ 
tion of Dairy or Creamery Refrigerators—Size of Ice Chambers—General 
Particulars—Materials—Ice Refrigerating Machine. 

Thk term dairy, used in its widest sense, indicates a place where milk 
is presei'yod and prepared for sale or for family use, or converted into 
cream, butter, cheese, &c. 

The various applications of refrigeration in the dairy are summed 
up os follows by Mr Loudon Ilouglas in a jaiper read by him before 
the Cold Storage and Ice Association :—(1) The cooling of town’s milk. 
(2) The cooling of separated cream in an auxiliary creamery or 
separator station. (3) The cooling of separated and ripened cream in 
a main dairy or central creamery, as well as cooling water to wash 
butter whilst being worked, and cooling a butter store or cold room. 
(4) Regulating the temperature of cheese-ripening rooms and cooling 
rooms in which cheese is stored. (6) To the storing of eggs, &c. 

Butter is an unstable product. It is at its best when freshly made. 
Strictly speaking, deterioration begins at once, and it will become 
noticeable sooner or later according to the conditions under which the 
butter is kept. .The most important condition in this respect is that 
of temperature, 4)ecause no other condition has anything like the same 
influence in the preservation of butter. The preservation of butter 
means the checking to a greater or less extent of the processes of 
fermentation that affect the flavour, and which are inevitable in all 
butter, but it has never been found that even such extreme low tem¬ 
peratures wiU preserve the flavour indefinitely, although it has been 
proved beyond doubt that the lower the temperature the longer it will 
■ be'preserved, other things being equal. Fortunately there is a certain 
period in the life of all good butter during which it may be considered 
to be at its best. Assuming that the butter has been well, made, the 
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duration of this period depends almost entirely on the temperature at 
which the butter is kept. 

Refrigeration is used in dairies, both for ensuring an ample supply 
of cold water and for cooling stores or chambers, the former being an 
essential for successful manufacture in hot weather, and the latter 
enabling butter to be kept in prime condition until a favourable oppor¬ 
tunity for disposing of it presents itself. Either mechanical or ice 
refrigeration is now employed in most dairies, mechanically produced 
cold, indeed, l)cing acknowledged to be absolutely essential wherever 
a large quantity of milk has to lx; handled, whilst the small refrigerating 
machine, of comparatively recent introduction, can be advantageously 
employed in establishments with limited outputs, except in localities 
whore natural ice can be stored at a figure as low as between two 
and three shillings per ton, and artificial cold be so economically pro¬ 
duced by this means as to render mechanical competition practically 
impossible. 

There are two methods of using mechanical refrigeration in a dairy— 
direct cooling h ud accumulator cooling. In the first or the direct cooling 
method the machinery is capable of performing the required refrigerating 
work without the aid of brine storage, and is ready to cool milk directly 
after being started. This system necessitates a larger outlay at first, 
but is afterwards the most economical system to work. In the accu¬ 
mulator system a cold brine storage tank is provided, and the refri¬ 
gerating machine is started to cool a stock of brine some time before 
the milk is to be cooled. The result of this arrangement is that a 
small machine is capable of cooling some two or three times the quantity 
of milk. 

The total expenditure of power is greater than in the case of direct 
cooling, but the fir.st cost is less. For accumulator cooling plants brine 
storage tanka should be made narrow and oblong so as to fit con¬ 
veniently against a wall, or round and high so as to occupy little floor 
space, or shallow to go on the top of the cold room. In all dairies 
where the milk is not despatched soon after being chilled, a cold room 
is required, which also serves for the purpose of keeping butter, cream, 
cheese, or other dairy produce. 

Fig. 306 illustrates a complete milk cooling plant, with warm milk 
tank and milk pump, built by A. G. Enock & Co. Tlie machine is of 
the film’s ammonia (NH,) self-contained type, in which the condenser 
coil is placed in the compressor jacket, and the gauges are mounted 
thereupon. Where a Pasteuriser is in use, it is arranged to deliver 
direct to ^e milk receiver. 



424 REFRIGERATION AND COLD STORAGE. 

It is desirable that milk or cream can be rapidly chilled to between 
40° and 60° Fahr., and modern competition renders it important that 
fJiis operation should be performed at as small an expense as possible. 



The Enook' doable cooler, either of the flat, round, or conical type, with 
• a water circulation from town or farm supply in the upper seol^, ^d ^ 
a brine circulation from the refrigerating machine in the lower 
farms an efficient Inethod of effecting the above cooling., NewN^ ' 
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Pasteurised milk can be reduced in temperature to 60'5° Fahr. with 
cooling water at 60° Fahr. In the lower section the brine circulation 
cools the milk down to 40° to 50°, or lower if required. 

The plant shown in Fig. 306 operates as follows:—The cold brine 
at 25° to 35° Fahr. is drawn by the brine pump from the brine cooling 
tank, delivered through the lower section of the milk cooler, and after 
chilling the milk, returns warm to the brine cooling tank, none being 
wasted. The brine cooling tank contains the evaporator coils in which 
the refrigerating medium evaporates, causing a very low temperature 
and absorbing the warmth from the brine. The refrigerating gas is 
drawn out of the coils by the compre3.sor, which compresses and dis¬ 
charges into another coil place*! in a tank of water forming the 
condenser. The warmth in the gas is “ rendered sensible ” by com¬ 
pression, and the condenser water carries off this “sensible heat,” 
causing the gas to condense or liquefy. 

The liquid refrigerant then passes through an “ expansion ” or 
regulating valve into the refrigerator cods, where it again evaporates 
and cools tho brine, the operation of evaporation, compression, and 
liquefaction being continuously repeated. 

In the arrangement (Fig. 307) an ammonia compression machine of 
the Kilbourn improved type, driven by means of belt gearing from a 
gas engine, is used. This cream cooler is fixed against the wall of the 
cold store or chamber, a portion of which latter only is shown in the 
drawing. The cream cooler is constructed of tinned copper, and is 
fitted with small wrought-iron coils without internal joints, similar 
coils being likewise piwided in the water-cooling tank, a portion of 
which is shown on the top of the coM store or chamber. The 
refrigeration is eftected on the direct system, the ammonia gas or 
vapour being permitted to expand into the coils of pipe in the cold 
store or chamber and of the cream and water coolers. 

An installation on the Hall carbonic anhydride (CO^) system for 
cooling milk supplied to the Express Dairy Co., Ltd., London, is shown 
in Pig. 308. The plant consists of a single-acting compressor cut from 
a solid steel forging mounted on a vertical cast-iron base, the compressor 
being of the Hall standard type described on pages 132 to 138 with oil 
seal gland and “p^pssure lubricator, and driven by a single-phase 
^temating current electric motor. 

The condenser is contained in an enclosed casing, so that the water 
after passing through it, can rise to an overhead .storage tank. 

T^e evaporator coils irfe contained in a specially enlarged casing 
having capacity of 400 gallons of brine. This enables the machine 
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Fig. 307.—Installation of Ammonia Compression Machine in a Dairy. 
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Plant on the Carbonic Acid System, Express Dairy Co., Ltd., London. 




Mfe^lilGfeRAtlON’AN5D tOLD STORAGE. 

,Vf t s'?-' - ' ' • . ■ ‘ ' 

*)f»'Taa for about tea hoars per day, so that the refrigeratsing; 
tffoct is aeoumulated and stored ia the oold brine which is rafudly 
(arcolated during the time that milk cooling is going on. 

The plant is arranged to deal with a total of 1,000 gallons of milk 
per day, cooling being carried out for one hour in the morning and one 
hour in the afternoon, 600 gallons being passed over the cooler at each 
time of cooling, The cooler is in one section, through which the brine 
is circulated from the refrigerating machine, and the milk in passing 
over it is cooled down to about 40°. 

Fig. 309 shows an arrangement for cooling milk, constructed by 



Fig. 309.—Installation for Milk Cooling on the Sulphurous Acid SjBteni. 

the British Humboldt Engineering Co., Ltd., London. The compressor 
is on the sulphurous acid (SOj) system, and one of the company’s 
vertical type of machine, and is connected with a milk cooler adapted 
for direct evaporation. 

A.plant erected by the Swiss Co-operative Society at Geneva 
rcomprises two buildings—one containing the machinery, tlie other the 
dairy and cheese factory. The supply of milk is obtained from 
societies ot farmers in the vicinity of the city, who have dep6ts to 
.which the milk is delivered morning and evening, and where it is 
cooled to the temperature of the service water, and placed in hermeti- 
adly closed churns <!ontaining from 30 to 40 litres. The ^following 
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partioi^rs of the installation are given in “L’lndustaie Frigorifiqne":- 
llje milk ccdleoted at the depdts is delivered to the dairy in the oit; 
in the morning and evening. On its arrival the milk is weighed 
filtered, and after being cooled by passing it through a Baudelo 
cooler (see Figs. 300 and 301) having a double circulation of servio 
water and cold brine, is delivered into tanks, in which it is kept a 
a temperature of 3° C. The cooling of the cold room in which th 
millr is stored is effected by a circulation of cold brine through pipes 
having radiating gills, and it is maintained at - 6" C. The milk which 
arrives in the morning remains in the cold room until the evening; 
that which is received in the evening is delivered on the morning 
following. The distribution is made in square chums with rounded 
corners, having each a capacity of from 40 to 45 litres, and four of 
these churns are placed in each hand-cart. Each chum has a draw-off 
cock opened by a .special key, and to jirovent, as far as possible, 
agitation of the milk during its withdrawal it is dchverod through a 
tube to the bottom of the cans, and these are thus filled from the 
bottom upwards. Provision is made on the hand-carts for ice cooling 
during the summer. 

Any milk not sold on the rounds is returned to the dairy, where it 
is made into butter and cheese. The skim milk resulting from butter 

making is made into cheese. 

The dairy has a sale for from 16,000 to 20,000 litres of mua a day 
The power required is from 30 to 40 H.P., and steam is also required 
for cleansing purjicses. The refrigeration is produced by a sulphumus 
acid (SO,) compression machine of a capacity of 26,000 fngones) abou 
99 200 B.Th.U.), the brine being maintained at a temperature ot -I 
to-5°, and the tank having veiy large dimensions so as to form an 
accumulator. The condensing water is cooled by means of an open-air 
evaporative surface condenser situated on the roof of the bmldmg. 

It was formerly held that the freezing of butter by causing a 
rupture of the fat globules produced a deterioration m the qualdy 
of the butter after thawing, but this idea has been now 
and was never fome out by the practical ei^nence “f ^ 
merchants. In fact, for the storage of butter for any length^^ 
period of time in hot climates, or for a trans^rt hy rail ovj 1^ 
^stances, freezing is usually advisable, as it has J‘ha 

butter so treated is far superior to that which has been or ^ 

in ordinary cold stomge. Frozen butter both retains 
body better than the other, and whqt is of considerable 
less &ijy affected by bad odours or other contamination. This result, 
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however, depends to a great extent upon the care that has been 
bestowed upon making the butter, viz., whether it has been washed 
quite clean, to what extent it has been worked in the butter worker, 
and to the precautions that have been taken in packing whilst 
in a chilled condition. See also pages 



fig. 310.—Sandbach Combined 
Cream Cooler and Heater. Plan. 


437 and 438, and amte, pages 38.5 and 
386. 

It may here be impressed on those 
concerned in the storage of butter that 
the greatest precautions should be taken 
to protect that commodity from contact 
with the gases due to decomposition, 
or with the minute particles that may 
be contained in the air of the cold- 
storage room or chamber, and which the 



Fig. 311. —Sandbaoh Combined 
Cream Cooler and Heater. Kle- 
vation.. 


butter will absorb very freely. 

An ordinary form of milk or cream 
cooler consists simply in a pan fitted 
with a false bottom, through the space 
or clearance between which and the 
real bottom a circulation of cold or 
refrigerated water is maintained. The 
coolers in most general use are either of 
a cylindrical form, such as the Danish 
circular coolers, or they have flat cor¬ 
rugated sides; both types are fitted 
with top and bottom troughs. 

Figs. 310 and 311 show in plan and 
elevation the Sandbach combined cream 
cooler and heater, which is said to be a 
very good system for the rapid refrigera 
tion of cream. 

The apparatus consists essentially of 
the following parts:—A ripening vat and 
combined cooler and heater, and a 
mechanical agitator driven off the main 


shafting. The cooling or heating apparatus is so designed that it pre¬ 
sents a large cooling or heating surface in a comparatively small space, 
and "when employed in the former purpose can be used in conjunction 
with any description of refrigerating machine, either for cooling cream 
oc.for the production-of iced water. 
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Fig. .312 is a circular capillary cream cooler. This type of cooler, 
which is much used in Belgian dairies and creameries, is made in 
various sizes, the largest having a cooling capacity of about 200 gallons 
per hour from 6.5° to 52° Fahr. It can he u.sed with any refrigerating 
machine, and the cold brine is pumped through the cooler, the cream 
pas-sing over the e.xterior. 

In all large dairies the Pasteurisation of milk is now become part of 
the ordinary routine, and this proces.s creates a demand for additional 
refrigerating machinery, it being absolutely essential to reduce the 
temperature after Pasteurisation as rapidly 
as it can possibly be effected. 

Cream coolers of the submerged type are 
said to reduce trouble of cleansing to a 
minimum. 

A bulletin entitled “Cieamery Cold 
Storage,” written by Mr .1. A. Uuddick, the 
Dairy Commissioner, Canadian Department 
of Agriculture, goes very fully into the sub¬ 
ject of ice cooling and contains much valuable 
information. Tim, following particulars are 
abstracted from this source. 

For small or medium-sized cro,imerie.s the 
first cost of installation and the annual ex¬ 
pense of operation put the mechanical sy.stem 
out of the question. The following are ex¬ 
amples of creamery refrigerators designed 
by Mr Ruddick, adapted to be cooled by ice, 
but it will be understood that the buildings 
with certain simple modifications would be 
suitable for tlie installation of machinery 
for mechanical refrigeration. 

Although it may be possible to secure 
rather lower temperatures with the cylinder system than can be 
obtained with the air-circulation system, all things considered, a lower 
average temperature is usually found where the air-circulation system 
is in use. Both* the ice chamber and the cold-storage room are 
thoroughly insulated. Figs. 313 and 314 show plan*and section of a 
creamery refrigerator on the air-circul.ation system. It will be seen 
that there is a connection between the two rooms which provides for 
the circulation of air over the ice and. through the cold-storage chamber. 
The ilf-or^ing of such a refrigerator is automatic, and requires only to 
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Fig. 312.—Capillary Cream 
Cooler. Elevation. 
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be regulated by the opening and closing of the slides that control the 
circulation of air. The ice is not covered as the thorough insulation of 
the walls of the ice chamber is depended on to prevent undue waste. 
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space of the storage room. The cylinders are filled from above with 
crushed ice and salt, the proportion of which may be varied according 
to the temperature de.sired. The larger the proportion of salt the 
better the results will be, until the maximum is reached at about 
1 part of salt to 3 of ice. Drainage must bo provided to cany ofif 
the water from the melting ice, and the outlet should always be 
trapped in order to prevent the passage of air. The ice for this 
system is usually stored in an ordinary ice shed, covered with sawdust, 
cut hay, or other insulating material. The cylinders must be kept 
full in order to secure the maximum of refrigeration. Tlie labour of 
breaking the ice and filling the cylinders is very considerable and 
constitutes one of the chief objections to the cylinder system. Where 
the refrigeration depend.s upon the daily performance, by the butter- 
maker, of this item of labour, it is very apt to be more or less 
neglected. If the cylinders are allowed to become partially empty, 
there is a corresponding rise of temperature in the storage room, and 
this is what very often occurs. The cylinder system is the cheape.st 
to instal, because the storage room only need be insulated, but the 
large amount of labour involved in keeping the cylinders properly 
filled, and the co.st of the salt, make the operation of this system 
somewhat expensive. Where there is plenty of cheap labour and 
someone k) take sufficient interest in the question to see that the 
work is properly attended to, there is no doubt but this system will 
give good results, us far as ice goes, for the stoi-age of butter. Fig. 315 
shows plan and section, and Fig. 316 details, of a creamery refrigerator 
on the cylinder system. 

In the construction of insulated walls, the best practice at the 
present time provides for an outer and an inner shell, as nearly as 
practicable impervious to air and dampness, with a space between 
to be filled with .some non-conducting material. The width of the 
space will depend on the filling to be used and the temperature to 
be maintained in the storage room. For a ci'eamery cold storage 
constructed of wood there is no better material for filling spaces than 
planing-mill shavings. ITie weight of shavings required to fill a given 
space will depend somewhat on the kind of wood from which they are 
made, and also to ^ome extent on how tightly they are packed, but 
a fair average is from 7 to 9 lbs. per cubic foot of space. They should 
be packed sufficiently to prevent future settling. See also chapter on 
Insulation, pages 329 to 366. 

All inside sheathing should be of spruce, because of its non¬ 
odourless character. The inside surface of ante-rooms and cold storage 
28 * 
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rooms should receive a coat of shellac or hard oil. This will permit 
of the walls being thoroughly washed and disinfected to destroy spores 
of mould. Whitewash is alro used as an interior finish. It is cheap 
and can be renewed from time to time. A little salt mixed with 
whitewash is said to harden it, and thus prevent it from rubbing off 
when touched. 

If the inside sheathing of the ice chamber is coated with paraffin 



Fig. 315.—Plan and Section. Fig. 316.—Detail Views. 

Greamery Refrigerator on the Cylinder System. 


wax, like a butter box, the lumber will be preserved and moisture 
prevented from getting into the insulation. 

It is impossible to lay down any rule as to the total quantity of 
ice required for creameries with a given output, as so much depends 
on what the ice is used for, and also on the' nature of the water supply. 

^ In'many creameries, where there is an ample supply of cold water, no 
ice is used for cream cooling, ryhile for others a large quantity is pro- 
srided for that purpose. If a Pasteuriser is used, the extrtf cuoUng 
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required increases the consumption of ice very considerably. It is 
important, however, to estimate correctly the size of the ice cliamber 
required for a cold storage on the circulation system. Where this 
system is used the supply of ice for cream cooling purposes should he 
kept separate from the cold storage -supply. The ice chamber should 
not be opened during the summer except for occasional examination. 
The quantities given in the following table will be found to he about 
right for average circumstances :— 


Pounds of Butter made 

Tons of Ice required 

Si/e of Ice Chamber 

during 

Summer Nfoiiths. 

for 

in 

Butter Storage only. 

Cubic Feet- 

20(J,000 

100,000 

140 

.'i,000 

HO 

.3,000 

.'•■0,000 

'A) 

2,000 


Wliere ice .s required for cream-cooling purposes, and it generally 
is, about one-half the quantity given in the table will be required in 
addition. This can be stored in an oixiinary ice shed and covered with 
sawdust. 

Creamery refrigerators on the air-circulation and on the cylinder 
systems consist of—(1) An insulated ice chamber, where the ice is 
kept without any covering. (2) A cold storage room, where the 
packages of butter for export only shall be stored. (3) An ante-room, 
to receive retail butter and to protect the storage room against the 
entrance of warm air. Both cold storage room and ante-room are 
cooled by the circulation of the air which passes over the ice in the 
ice chamber. The situation should be at the north end of the creamery, 
or sheltered from the direct rays of the sun if possible. 

The size will be determined by the output of the creamery. Butter 
should be shipped every week wherever possible, and in this case the 
cold storage room should not be much larger than necessary to hold 
a week’s make, with convenience for handling the packages. A room 
7 ft. high by 8 ft. sq. inside will hold conveniently 120 boxes, piled six 
high. The ante-room should be large enough so that the door can be 
conveniently closed before opening the door of the cold storage room. 

As regards light, it is not desirable to have a window in the cold 
storage room. Suffieient light can be had from a lamp or candle when 
necessarv. A window may be put in the ante-room. 

Goorf insulation should be provided on all sides of the lefrigerator 
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around cold storage room; and ante-room, whether adjoining the ice 
chamber or any other part of the creamery, must be equally well 
insulated. 

IFood.—All lumber employed must be thoroughly dry and sound 
without loose knots or shakes, and must be odourless. Spruce and 
hemlock are the best in the order named. Pine is not suitable for 
inside sheathing, on account of its odour. All boards employed should 
be dressed as well as tongued and grooved. Unseasoned lumber must 
be carefully avoided. When building in winter, fire.s must be kept 
going so as to have all materials as dry as possible. This is very 

important, a.s dampness in 
insulation destroys its effi¬ 
ciency. 

Paper .—All papers used 
should be strictly odourless 
and damp-proof. Tar paper, 
felt paper, straw paper, rosin¬ 
sized paper, and all other 
common building papers are 
not suitable and must not 
be used. Use double thick¬ 
ness of paper in all cases, 
each layer lapping 2 in. over 
preceding one. The layers 
should extend continuously 
around all corners. All 
breaks to be carefully 
covered. 

Shavinys. — Shavings 
must be thoroughly dry, free 
from bark or other dirt. 
Shavings from "some ixlourless wood, such as hemlock, spruce, or white 
wood, to have the preference. 

The Burnand ice refrigerating machine, two types' of which are 
showb in Figs. 317 and 318, is especially designed for use in 
small dairies where ice refrigeration is used. The essential features 
of the apparatus, shown in Fig. 317, cpnsists in a stout oak tub 
Joining an insulated receptacle and fitted with one or more copper 
coils according to the capacity required. The space round the 
copi>er coll or coils is filled with a freezing mixture, such as 
finely broken ice and salt, and the temperature of the * brine or 



Fig. 317.—Burnand Ice Refrigerating 
Matkine for Dairies. 
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water pumped through the coil or coils is thus reduced to the 
required degree. The brine or water enters the inner coil at the 
bottom, and from the top is conveyed to an inlet at the bottom of 
the outer coU. Also, leaving this latter coil at the top, it may he con¬ 
veyed either to the refrigerating pipes in a cold store, to an ordinary 
pattern milk cooler, or to other cooling apparatus, and after performing 
the duty required, returned to a reservoir in order to be again circulated 
through the refrigerator. To equalise the temperature of the liquefied 
freezing medium, an agitator, as shown in the drawing, is provided. 
In this apjiaratus the circulation of the brine or water through the 
cooling coils is effected by means of a power-driven pump not shown, 
and the agitator paddles are driven through the bevel gearing and belt 
pulley from any convenient .source of 
pov'cr. 

The small milk cooling apparatus 
shown in Fig. 318 is intended to be 
worked by hand jmwer. On the top 
is a reservoir f<r the milk to be cooled, 
which communicates through a stop¬ 
cock with a capillary cooler. The cool¬ 
ing liquid is pumped by means of the 
semi-rotary hand pump shown from the 
well in the bottom of the tub to the 
cooler, and after passing through this 
latter, it is sprayed on the upper part of 
the broken ice in the cub, and returns 
to the cold well to be again passed to the 
cooler, and so on, until the supply of 
broken ice in the tub is exhausted. 

Dr Samuel Ridoal says that very great caution has to be exercised 
regarding the various temperatures required for different classes of 
dairy pr^uce as well as care in the methods of preparation and storage 
prior to refrigeration. The cold storage of milk and butter has been 
already dealt with in this chapter, and also to some extent in 
Chapter XV. under the heading of “ Proper Methods for Storing and 
Temperatures for tile Cold Storage of Various Articles.” 

In conclusion it may be observed that in the United States there 
are a considerable number of persons who advocate the storing of 
butter at a temperature of 0° Fahr., claiming that butter is un¬ 
desirably affected by a rise in tem^rature above that point. On 
this particular question considerable diversity of opinion seems to 



Fig. 318.—Burnand Small Ice 
Milk Cooling Apparatus. 
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exist. Mr Arthur G. Enoch, M.I.M.E., who has had a very extensive 
experience in the subject of dairy refrigeration, in reply to a query 
put to him some time ago by the author as to the proper cold storage 
temperature for butter, said that from his own experience he thought 
that there can be no hard and fast rule for butter as such, because 
various butters require different treatments, and again different tem¬ 
peratures, according to the treatment they have received sim® being 
made. His experience of fresh Colonial butter, made in Australia, with 
chilled water by chilled cream from Pasteurised milk, is that the lowest 
temperature necessary to keep it in first-rate condition for an indefinite 
jieriod, as far as practical commerce is required, is 20°. But if you get 
that butter made with all care, and then carried about for a week or 
ten days without being placed in a cold store, you may want to bring 
it down to 16° to hold it successfully. Very much the same applies 
to Irish butter. With all the conditions of manufacture and storage 
one meets with between Ireland and this country, it is Mr Knock’s 
opinion Ssjd experience that 24° is the right temperature, provided the 
atmosphere is kept fairly dry. 

The employment of such a degree as 0“ Pahr., or even 14°, is 
something which, as far as Mr Enoch’s experience has gone, is unneces¬ 
sary under ordinary conditions, although possibly special conditions 
might arise, for example, when butter has to be transmitted by rail 
for some distance. In the South African cold stores at the ports 
butter used to be carried down to 10°, and even to 6°, but this was 
in preparation for transit for three or four days by ordinary railway 
waggon, slightly insulated, through a very warm country. Such a 
condition as this, however, does not apply where butter is simply held 
in storage for in and opt use. 

As regards the question as to whether butter taken from the dairy, 
and put into a storage somewhat below freezing, would be found to 
maintain its quality. Mr Enock thinks that it would be found to do 
so, but that, at the same time, a good deal depends on how the butter 
ia made. Whether it is washed quite clean, how much it is worked in 
the butter-worker, and what care ia taken in packing it while it is in a 
chilled .condition. Eor use of refrigeration in artificial butter factories 
j»ee pages 461 to 464. 
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MANTJKACTTTRINU, INDUSTRIAL, AND DONSTRUC- 
TIONAL APPLICATIONS 

Chdoolate Manufacture—Breweries -Paraffin Works—Artificial Butter Manufac¬ 
tories—Tea Factories—Sirgar Factfwies and Refineries—Blast Furnaces— 
Wine-Making—Various other Manufacturing and Industrial Applications 
—Dynamite Factories—Manufactories of Photographic Accessories—Dis¬ 
tilleries—Chemical Works—India-rubber Works—Glue Works—Construc¬ 
tional Applications—Tunnelling, Sinking shafts. Laying Foundations, 4c. 

iNDt’STRIAI, AND MaNDPACTUKINO APPLICATIONS. 

Uses are now made of refrigeration in many manufactures and indus¬ 
tries besides that of its more legitimate and important application to 
the preservation of various provisions of a perishable nature, which 
latter has been already dealt with so far as space would allow in. pre¬ 
ceding chapters. All the systems hereinbefore described, with the 
exceptions of the first, or that wherein the abstraction of heat is 
effected by the more or less rapid dissolution or liquefaction of a solid, 
are, to a greater or a less degree, advantageously applicable for this 
purpose. 

Although the preservation of organic substances was the first known 
and the most obvious use, the successful application of artificial refri¬ 
geration to a process of manufacture is somewhat older than that to 
the preservation of provisions, a Harrison ether machine having been 
erected at Truman, Hanbury, & Co.’s brewery about 1856, which 
machine was stated, at a meeting of the Institution of Mechanical 
Engineers held in 1886,* to be still at work and acting efficiently. A 
machine of the same type was also said to have been put up by A 0. 
Kirk in 186l,t wISo employed it for the extraction of solid paraffin 
from shale oil. 

Another important application of refrigerating machinery is to 
constructional work, such as the formation of tunnels, the sinking of 

* Proceedings, Inetitution of Meehomieal Sngineere, 1886, p. 246. 
t/Wrf.,p. 231. 
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shafts, wells, laying of foundations, Ac., in loose ground, in quicksand 
soils, or wherever the amount of water is too great to be pumped or the 
doing so would be dangerous or inconvenient. 

Refbioeration in Chocolate Manofactobies. 

The application of a refrigerating machine to the cooling of choco¬ 
late during the process of manufacture was first made by J. S. JVy in 
1882,* in wbioh year be employed one of Lightfoot’s double-expansion 
horizontal cold-air machines, and was enabled to proceed without 
interruption throughout the whole year with work that had previously 
to bo suspended during the hot weather. Since that time the use of 
refrigerating machines in chocolate works has become almost universal. 
A great saving in chocolate manufacture is likewise effected by the 
rapid solidification which is rendered possible, and the waste thus 
avoided; and furthermore, as the chocolate leaves the moulds readily 
and intacj, a considerably fewer number of the latter are required to do 
the same amount of work. 

The essential features to be kept in view in designing and con¬ 
structing a chocolate cooler may be enumerated as follows:—Uniform 
cooling of all the goods put into the apparatus; reduction of labour 
in feeding and taking out the trays containing the chocolate to a 
minimum; economy of cold air and reduction of the required 
refrigerating power; and, lastly, simplification of the construction to 
keep the outlay as low as possible, consistently with obtaining the best 
results. 

The patent chocolate cooler shown in our illustrations Figs. 319 and 
320 is made by Messrs A. G. Enock & Co., Ltd., and is claimed by the 
inventors to embody the above qualities as far as practicable. The 
cooler consists of an insulated box containing a shaft with a six- 
sided frame at each end. The two frames are connected by bars 
upon which the Chocolate carriers hang. The shaft is rotated by the 
hand-wheel outside the cooler and an automatic stop arrests the shaft 
when the trays come opposite the inlet and outlet slots. It will be 
seen that each tray of chocolate makes a complete circuit of the cooler, 
descending from the warmer air at the top, passing through the colder 
air at the bottom and returning to the top. This method is claimed to 
be better than revolving the trays horizontally as it will ensure that 
each tray gets the same amount of cooling. 

The trays are fed into the slofis shown at the right-hand side of the 
• * Proceedings, Institintion of Mechanical Engineers, 1886, p. 236. 
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cross section, Pig. 320, the cooler shown in the illustration accommodat¬ 
ing twelve trays, each measuring 30 by 21 in., and after each carrier 
has received its two trays the hand-wheel is revolved and the next 
carrier filled, and so on until all the trays are in place. When the first 
carrier returns to the top after having made a complete circuit, two 
fresh trays are put in and the action of putting them in pushes out the 
other two trays at the left-hand end of the cooler. The work may thus 
go on continually. And as the cold air naturally falls to the bottom 
of the cooler, and as the trays are both fed into and discharged from 
the cooler at the' top, there is no loss of cold air. In the pattern of 
cooler shown in the illustrations flaps are provided for closing the 
openings through which the trays pass in and out, but in another 
arrangement these apertures are automatically clo.sed by narrow spring 
shutters which rise into place after a tray has been put in or pushed 
out of the carriers. 

The insulation consists of 6 in. thick of best silicate cotton or other 
approved material, the walls of the cooler being lined with white 
enamelled material ensuring perfect cleanliness and absence of odours. 
The cooler box is made up in sections, and can be bolted together and 
set at work by any ordinary carpenter or mechanic. The smaller sizes, 
however, can be sent out complete in one piece. 

The Cooler is complete with coils of direct expansion or brine 
circulating pipes, with counter flanges ready to connect to new or 
existing refrigerating machinery. The cooler is capable of accom¬ 
modating trays of any width from 12 to 22 in., which is advantageous, 
inasmuch as the trays employed by different makers vary considerably 
in size.' The capacities of the machines vary from 1 ton per day of 
chocolate cooled for the smallest up to 3 tons for the largest-sized 
machine. 

The cold-air machine is well adapted for chocolate cooling, pro¬ 
vided only that the air be dry, an achievement claimed by the 
inventors for the*“ Arctic ” machine, and Messrs Cole have applied it 
to several chocolate factories with complete success. An advantage 
of this system is that whilst some forms of refrigerating machines only 
very partially dry the air, and that inside the room, by deposition of 
frost on brine pipes, or producing a current of air over brine-wetted 
surfaces, the “Arctic” cold-air machine acts upon the air before 
delivering it' to the cold-room, or other apparatus, and thus the 
ntoisiure is deposited outside of and away from the cold-room. There 
is idso the further advantage of tjiere being no brine pipes on which 
^ '(Jeposit frost, which may drop on to the chocolate trays, jjx., and 
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requires the provision of .special draining gutters, all of which apparati 
are frequently more or less inqierfect in their action. 

A rotary chocolate cooler devised by Mr J. C. Broadbent and 
Mr J. McRae is claimed to preserve the chocolate from any moisture 
during the process of becoming .solid. This apparatus consists of a series 
of chambers revolving on a central pivot. The cooler is cylindrical, 
with a diameter of about 10 ft. and a height of 8 ft. The outside, that 
is, the case, is constructed of wood, and insulation is secured by the use 
of silicate cotton. The circular Imsis of the apparatus is, of course, 
furnished with a like insulating substance. The upright .steel axle is 
2^ in. in diameter, and round this revolve the .sets of .shelves. Every 
set of shelves is fitted with wooden sides, so that these form in the 
outer shell six perfectly isolated and refrigerating compartments, the 
whole being furnished with a toothed revolving gear connected by a 
hand-wheel situated at the front of the machine. The chambers are 
provided with an arrangement of spaces for cooling by brine. These 
have to be put in position when the cooler is to be used, so that none 
of their numb r can coincide with the door apace of the cooler itself. 
The shelves of each compartment in the cooler run 2 ft. 9 in. long by 
1 ft. 9 in. wide. (If these compartments there are six, with a space 
of 6 in. between each. The special trays on each shelf are adjusted 
to carry from 10 to 15 lbs., but where it is required, by a simple 
change, blocks of any size can be cooled. 

The ordinary capacity of an apparatus of the above dimensions is 
30 cwt a day, but a much greater capacity can be had when desired. 
One of the advantages claimed for this apparatus is that no fastenings 
are needed. It is constructed on the wedge principle, and hence all 
the doors close automatically tight. The apparatus is so arranged 
that when the compartments revolve, and one of them arrives at the 
door space, and the door is opened, elliptical shutters are automatically 
operated and cause the sides of the compartment to fit so perfectly 
tbat the rest of the cooler remains completely isolated from the air. 
In point of fact the door may be left open at any time without there 
being the slightest change in the temperature of any of the other 
compartments. Then again the top and bottom shutters of each 
division are absolutely self-acting—automatic, in fact—and thus render 
the compartment entirely air-tight. Another feature is that the 
upper and lower ends of the several compartments are so made that, 
as the shelves rotate, the upper and lower divisions open on the 
parallel lever system, and directly, rotation ceases Ihey shut. A 
Steinlo’s ^thermometer keeps a record of the temperature inside the 
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cooler and is read on the outside. There is also an ingenious plan 
by ■which the contents of the cooler are indicated. The circular top 
is graduated by six marks numbered from one to six, corresponding 
to the six compartments. In order to charge and uncharge, the wheel 
beside the door of the cooler is simply turned until the required 
number coincides with a fixed pointer in the front. A convenient 
arrangement is provided for marking the time at which the different 
compartments ai’o charged, and a timepiece is fixed in the middle of 
a plate having six dials furnished with movable hands. To facilitate 
occasional cleaning, the top of the cooler is equipped with a vapour 
valve, through which an air current can be passed for that purpose. 

In another apparatus for treating chocolate an endless travelling 
band or apron is provided by means of which the chocolate is traversed 
through a refrigerated compartment. 


Ripmoeration in Breweries. 

One of the, if not the most, important of the industrial applications 
of refrigerating machines is that" of cooling water to be used for 
refrigerating and attemperating purposes in breweries. This is more 
especially required when the supply of water is derived from a river 
or other source exposed to the heat of the sun, or from the water 
mains in large towns, the water from both of these sources usually 
rising during the summer months to from 65° to 70° Fahr. 

Where a plentiful supply of well water at a temperature of from 
50° to 54° Fahr. can be obtained, the provision of means for artificial 
cooling becomes of minor importance for this special purpose, and can 
be dispensed with. 

When, however, the water supply is at a comparatively high tem¬ 
perature, such as that above indicated, it would of course be totally 
impossible to cool the worts down to the ordinary pitching tempera¬ 
tures of from 57° to 59° Fahr., or to control the fermentation in the 
tuns or squares with water at such a temperature passing through the 
attemperators, and, moreover, on the completion of the fermentations 
it would.be likewise quite impracticable to cool the finished beers down 
to the temperature desirable for racking. 

One of the first operations is the refrigerating of the hot beer wort. 

The usual practice is to first slightly reduce the temperature of 
the h6t wort hy exposing it in the large tank known as the cool-bed 
or cool-ship, which is generally located on the top of a building and 
roofed over, the sides' being only enclosed by lattice-work, so 'as to 
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allow a free circulation of air, and then permit it to flow slowly down 
over the tubes or coils of a “ Baudelot cooler.” 

The Pontifex-Wood brine refrigerator is also successfully employed 
for cooling beer worts. This apparatus consists essentially of sets or 
rows of copper or brass tubes arranged horizontally, and secured at 
their extremities in return heads. Through these tubes and lieads the 
cold brine from the refrigerator is oau.sed to flow, and the beer worts 
to be cooled are allowed to trickle over their exterior surfaces. 

An ordinary refrigerator for cooling hot beer wort consists of a 
shallow vat wherein is mounted a continuous tube or pipe, through 
which the cooling water is forced in a direction opposite to that taken 
by the wort. The object of thus running the wort in one direction 
and the water in another is to ensure the delivery end of the wort being 
exposed to the coldest portion of the stream of water. In another form 
the wort passes through a coil of pipe cii-rangud in a vat, through which 
a circulation of cooling water is kept up. A more complicated arrange¬ 
ment is that wherein boxes arc arranged to project alternately from 
opposite sides of a double-walled vertical case ; through the latter, and 
which boxes, the wort is caused to take a zigzag course by suitable 
check-plates extending centrally into the boxes. The cooling water 
takes a like sinuous or zigzag course on the exterior of these boxes. 
A wort or beer-cooler, employed in many large breweries, is a large 
shallow, covered vat, fitted with a volute formed by a wide strip 
of metal set on edge between the upper and lower plates or heads, 
to which it is attached in such a manner as to form a helix with two 
distinct spaces. Through one of tho.se simees the refrigerating liquid, 
or medium, is circulated, suitable inlet and outlet passages being 
provided, and through the other the wort or beer to be cooled. 

Brotherhood’s refrigerator consists of a number of long boxes placed 
side by side or otherwise, each box having a flow and I'eturn passage 
for the cooling water, and copper tubes through which the wort passes. 
Hollow covers at the ends of the boxes afford communication between 
one tier of tubes and another. 

Mash tuns are likewise constructed in which the vertical shaft 
caiTying the rake or stirrer is formed hollow, as also the arms of the 
aide rake, which latter are perforated with a number of small holes. 
Through the above-mentioned hollow shaft and perforated arm steam 
is first passed to boil the wort, and subsequently air, reduced to a 
low temperature in order to cool or refrigerate it. In a refrigerating 
or cooling apparatus on a somewhat similar principle, air, previously 
redi/be<j to a low temperature, is forced into the perforated false 
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bottom of a vat, from whence it escapes through these holes or 
perforations and passes up through the wort or beer contained 
therein. 

Numerous other arrangements are also in use in this country and 
abroad. One of which, of American origin, is as follows:—First the 
hot wort is delivered into a trough of V shape in transverse section, 
from the bottom of which it trickles over a series of horizontal pipes 
arranged in line vertically, and through which the cooling water is 
paased, the cooled wort being finally collected in a U-shaped trough 
for deliveiy to the fermenting tun. 

An apparatus which is extensively used in America for cooling or 
refrigerating hot beer wort, is that known as the “ Baudelot cooler.” 



Fig. 321.—“Baudelot Cooler,” with Direct Expansion for Cooling Hot Beer Wort. 


This apparatus is constructed for use both with a brine circulation and 
direct expansion. Jn the first arrangement, shown in Fig. 321, the 
upper portion, or half of a set of tubes or coils arranged horizontally. 
Vis cooled by the ordinary well or main water, and the lower part 
(w half thereof by mechanical refrigeration on the direct-expansion 
system. .In the second arrangement, shewn in Fig. 322, the upper 
psft or half of the pipes or coils is similarly cooled, but the lower 
portion or half is cooled by brine circulation. 

The above Baudelot cooling apparatus is made by the Frick Co,, U.S. 

. Antother, and also a very important, use for a refrigerating machine 
in breweries is that of coding the air in the fermenting and yeast 
rooms, an arrangenient for which purpose on the brine-eiryullition 
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systems is shown in Fig. 323. This cooling is necessary during hot 
weather, even in cases where an unlimited supply of cold water for 
refrigerating and attemperating is obtainable, inasmuch as the water 
can only be applied to the cooling of the beer itself in the fermenting 
vessels, and not to the head of yeast above. The result of this is that, 
although the fermenting beers can be well kept under control by the 
use of the attemperators, the yeast above is frequently found to be 
going wrong by reason of the excessive temperatui’e of the atmosphere 
of the room. 



Fig. 322. Baudelot Cooler,' with Brine Circulation for Cooling Beer 'Wort. 


In employing a refrigerating machine for this purpose, brine reduced 
in the cooler or refrigerator to about the temperature of the latter, that 
is from 10° to 20° Pahr., or very much lower if desired, is circulated 
through rows of pipes B, fixed over the tuns a, or the squares, to 
be cooled in the tbnnenting rooms, and also in the yeast rooms, the 
system of pipes being reduced by the brine to below freezing-poini^ 
and the atmosphere of the rooms from contact with the latter to 45° 
or 60° Pahr., or any other desired point. By this means an October 
temperature, that is to say, one of 50° Pahr. or less, can be obtained 
* during the hottest summer weather.' 



















448 REFRIGERATION AND COLD STORAGE. 


Fig. 324 shows an arrangement for cooling a fermenting room on 
the direct expansion principle, fitted with the De La Vergne patented 
pipe system, a detailed description of which will be found in a previous 
chapter. 

The speed of the flow of brine in the first arrangement, shown in 
Fig. 323 through the various circulations, can be regulated at will by 
means of .stop-cocks or valves provided on the several branch mains, 
and that of the gas or vapour in the second ariangement, shown in 
Fig. 324, by the expansion valve, and consequently, the temperature 
of the fermenting rooms can be regulated at will. In simiile arrange- 



Fig. 323_Arrangement for Cooling'Fermenting and Yeast Rooms in Brewery on 

the Brine Circulation System. 


ments, such as the foregoing, the brine mains n and the direct 
expansion pipes respectively, cool the entire area of the fementing 
room, that is to say, a separate brine circulation (Fig. 323) or ccJil 
of vapour pipes (Fig. 324) is run over each row of rounds or tuns, 
and all are cooled at once. Where a number of large squares have 
to be cooled, however, a more elaborate arrengement is preferably 
employed, and the sides and tops of the squares are boxed in or 
enelosM with partitions formed of light boarding, under which a 
separate circulation of brine or vapour pipes to each square is fixed. 
The-latter plan enables the temperature of the air over each square 
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to be regulated .separately and independently of the others, and the 
brine or vapour to be shut off completely from empty squares, thereby 
lessening the work of the refrigerating machine, ft also further 
economises the work of the latter, inasmuch as only the air directly 
over each vessel has to be cooled. 

In working a refrigerating machine on the brine circulation 
principle, for these cooling purposes, in a brewery of moderate 
dimensions, it is usually run during the daytime, and when it is 
shut off at night, and the fermenting rooms are closed up, the large 
amount of cold stored up in the brine in the pipes over the fermenting 



Fig. ,'!24.—Ana)igement for Cooling Fermonting Boom on Direct Expansion 
Principle on the De La Vergne System. 


vessels, is, as a rule, found to be sufficient to keep the atmosphere of 
the rooms down to the desired temperature during the night; except, 
however, in very hot weather, when the machine has usually to be run 
continuously. In very large breweries also it has generally to be kept 
working day and night. 

In some instances, a refrigerating machine is employed for the 
combined purposes of cooling water for use in refrigerating and attem- 
perating and of cooling the air in the fermenting and yeast rooms. 
In an arrangement of this description, at the top of the brewery 
building, or at a sufficient elevation td command the refrigerators and 
29- 
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ftttemporators, is fixed a suitable ice-water tank, and above this tank 
a brine refrigerator, which latter may consist of horizontal rows of 
brass or copper pipes, through which a branch circulation of cold brine 
from the mains is run, whilst over them the supply water at 60° or 
66° Fahr. or other temperature is allowed to trickle or flow slowly. 
This water is thus reduced by the cold brine within the pipes to about 
33° Fahr., or to any other desired temperature, after which it is 
passed into the ice or cold-water tank, from which it is drawn through 
pipes as required for refrigerating and attemperating. Tliis arrange¬ 
ment admits, by the simple opening, closing, or regulating of the 



Fig. 326.—Frick Company’s Method of Cooling a Fermenting Room in Brewery. 


stop-docks or valves, of the whole or any desired proportion of the- 
power of the machine being applied to the cooling, of air, or to 
the cooling of water, or to both operations at the same time. 

Lager beer fermenting rooms and store cellars can be cooled 
by a plan substantially similar to that shown in Fig. 323, for cooling 
the air in fermenting and yeast rooms in ordinary breweries. In the 
case of lager beer, however, where the whole of the fermenting rooms 
are kept at a temperature of about 42° Fidir. and the stores at abojit 
Fahr., a proportionately larger number of brine cooling pipes« 
aie t^uired. 
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Figs. 326, 326, and 327 illustrate a method of cooling a ferment¬ 
ing room, which, as well as the pipe arrangement for vaults shown in 
Fig. 328, are constructed by the Frick Company, U.S. In the arrange¬ 
ment shown in Fig. 325 the coils are suspended from iron floor-beams, 
and are located in passage-ways and at the sides of the rooms, by which 
means any drip into the tuba is avoided, and free access to each tub is 
admitted of. Figs. 326 and 327 show in side elevation and transverse 
section the arrangement adopted for suspending flat pipe coils from 
ceiling on the iron floor beams. Fig. 328 shows in transverse section 
a pipe arrangement for a vault in a brewery, which will be readily 
understood from the drawing. 

In Figs. 329 and 330 is shown, in side elevation and plan, an 
automatic attemperation system with a cooling arrangement supplied 
by the same firm. In this system the ice-water for pumping through 



Figs. 326 and 327.—Arrangement for Suspending Flat Pipe Coils from Ceiling 
on the Iron Floor ISoams. Side Elevation and Transverse Section. 


the attemperators and regulating the temperature of fermentation is 
cooled in a cistern or suitable tank, provided with either a direct 
ammonia expansu n or brine coil, supplied by the refrigerating machine, 
which is on the ammonia compression principle, the sweet or ice-water 
thus made being forced through the attemperators in the tubs, each or 
any of which can be shut off or regulated at will, the pressure and 
amount of cooling wSter being under automatic control of a self-acting 
pump and regulator which supplies the attemperators and needs no 
attention, whether one tub or many be in use. 

In Fig. 331 is shown the arrangement of an apparatus for cooling 
water for refrigerating and attemperating purposes in a brewery by 
means of an ammonia absorption machine of the Pontifex-Wood type. 

In the illustration H is the water service pipe from the company’s 
main m from other source of supply; i is the cooled water pipe leading 
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from the cooler d up to the ice-water tank .i, in which the cooled or 
refrigerated water is stored to he drawn off as may be required for 
refrigerating or attenij)erating. A thermometer is fitted on the pipe i 
at the outlet from the cooler, and a regulating cock or valve on the pipe 



Fig. 328.—Pipe Arrangement for Vault in Brewery. Transverse Section. 


H, by which the supply can be so adjusted as to admit of the cooled 
water being delivered at any predetermined temperature. The water 
from the supply pipe h is run direct through the coil of the cooler d 
of the machine (which is placed on the ground floor of the brewery, 
and-sufficiently near the steam {filers to admit of a supply of steam 
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Fig. 33I.'r'AfTangement for Cooling Water for Attemperatiiig Purposes in 
Breweries with Ammonia Absorption Machine. 
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being obtaijied for use in the generator), from whence it passes reduced 
to a temperature of 45“ or 60’ Fahr., or to any other desired lower 
temperature, to the tank J, which is at a sufficient elevation to com¬ 
mand the refrigerators and attemperators, and from which, as above- 
mentioned, it can be drawn off as wanted. The tank J is fitted with 
a suitable lid or cover, and is preferably constructed of wood, or of iron 
lagged with wood and sawdust. 

A is the condenser, b the separator, c the condenser, d the re¬ 
frigerator, E is the absorber, and o is the economiser, A full description 
of the Pontifex-Wood ammonia absorption machine has been already 
given in a previous chapter. 

In working an arrangement of this description the machine is started 
in the morning sufficiently early to admit of the ice-water tank j being 
filled up by the time the refrigerators are set to work. The machine 
is kept in operation until the refrigerating is done, and for a sufficient 
length of time after to admit of the tenk j being filled up again, so 
as to provide a sufficient supply of ice-water for the use of the attem¬ 
perators duriug the night and until the machine is again started next 
day. It is slated by the makers (hat when the tank J is properly con¬ 
structed as regards insulation, it has been constantly found in practice 
that the rise in temperature of the water is not more than 1 Fahr. during 
a stoppage of from twelve to twenty-four hours. The ice-wate,r from 
the tank j is forced through the attemperators. due provision being 
made for enabling the supply to each of them being suitably regulated, 
or cut off altogether if desired, independently of the others. The pump 
for circulating the ice-water through the attemperators should be self- 
acting and provided with an automatic regulating device, thereby 
enabling it to act efficiently whether one or all the attemperators be at 

work. • , 1 . J 

Tlie results obtained by the use of an arrangement of the descrip¬ 
tion described are, in addition to a marked improvement in the quality 
of the beer, that there is a complete control over the refrigeration and 
fermentation, the bqer refrigeration can be performed in a very much 
shorter time, and consequently, the day’s work completed sooner, and, 
lastly, that the waste occasioned by the necessity for passing the 
greatMt possible quantity of the comparatively hot water through the 
refrigerators and attemperators is obviated. This latter item alone is 
by no means insignificant, the saving where water companies’ water is 
employed for refrigerating and attemperating being generally more 
than half. In large breweries where several machines are employed 
they are kept running continuously day and night.^ 
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The Cold Storage op Hops. 

Refrigeration has been found to be an excellent means for keeping 
hops from degenerating, and to effect this purpose a dry, dark room, 
thoroughly well insulated, and maintained at a temperature of from 
23° to 34°, is found to be the best. Either artificial or mechanical 
refrigeration, or ice, may be employed for cooling purpose.s, the first- 
mentioned being far superior. Before being placed in the cold storage 
room or chamber the hops should be thoroughly dried, sulphurised, 
and properly packed. 

Writing on the above subject in ha Bemie Gau'rale du - Froid, 
M. A. Mertus, Brewery Engineer and Profo.ssor of Brewing at the 
University of Louvain, stotes that hops should be moderately com¬ 
pressed and stored in a temperature maintained constantly between 
freezing-point and 37° Fahr., with a perfectly dry atmosphere frequently 
renewed; 

Brewers should use hops as soon as possible after leaving cold 
storage, and they should be kept cool and dry and preferably in the 
dark. Hops intended for small consumers should be stored in bales 
of not over 112 lbs. weight, and be delivered as required. 


Amount of Piping Required in Breweries. 

Without knowledge of all of the elements affecting the cold los.ses, 
of course, only general statements can be made. The following data 
given by Mr F. E. Matthews in an article upon this subject, which 
appeared in Power, New York, will be of interest however;— 

The logical way of computing pipe areas, says Mr Matthews, is 
first to calculate the amount of heat entering through the walls of the 
cellar, and add to this the amount of heat generated by the fermenting 
wort.. For a given back pressure and known number of hours of 
operation of the refrigerating machine, it is then a simple matter to 
calculate the amount of pipe required. The estimate of the pipe area 
is based on the amount of heat that will pass through the metal of the 
pipe due to the difference between the temperature of the brine or 
ammonia on the inside and that of the air on the outside. 

The amount of piping depends on-the waU area, insulation 
.efficiencies, and differences in temperature. When these factors are 
not all known, rough rules in the form of ratios may be used. A 
fermenting room, fpr example, maintained at a temperature of from 
36" to 40" would be piped according to the practice of one large 
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builder of refrigerating machines, on a ratio of 1 to 14; that is, 1 run¬ 
ning foot of 2-in. direct-expansion pipe for every 14 cub. ft. of space. 

For piping the different cellars in a brewery the following ratios 
will offer at least a rough guide, it being understood that they may 
not fit particular cases, and that it is desirable, when it is possible to 
determine the areas, differences in temperature, and nature of the 
insulation of each wall, floor, and ceiling, to compute the cold losses 
through the walls. Then, after determining the ammonia back 
pressure and temperature, the required number of square feet, and, 
finally, the number of lineal feet of heat-absorbing pipes may be 
ascertained. 

The table will serve as a guide in laying out the piping for brewery 
cellars of from 10,000 to 40,000 cub. ft. in size. 


Ratio op Piping fok Bhi'wkry Cellaus. 
K E. Matthews in “ Power." 


Kind of Service. 

Fermenting 
Storage cellar - 
Chip cellar 
Racking room - 


Cubic Feet per Fool of Piping, Rooms 1,000 
t ' 4,000 Cubic Feet. 


2-in. direct-expansion pipe 

li-in. brine pipes 

2-in. direct-expansion pipe 

l^-in. brine pipe 

2-in, direct-expansion pipe 

1^-in. brine pipe 

2-iu. direct-expansion pipe 

li-in. brine pipe 


135 

7*5 

21 

12 

24 

14 

12 

7 


'I’euipeta- 

ture. 


I 


to 14.5 
„ H-5 
„ 26 
„ 16 
„ 30 
M IH 
„ 15 
,, 6 


I 36 ’ to 40 " 

I IW' „ w 
I 34 " „ 3 (i° 
I 34 " „ 3 <i° 


The approximate allowance per ton capacity to be made when 
selecting a machuie for refrigerating beer wort is 15 barrels per ton 
on Baudelot cooler. One thousand gallons of sweet water per ton 
from 70° to 40°. Climate construction and exposure of buildings to 
be refrigerated, character of the insulation, management and method 
of handling work, &e., must of course be considered. 

A ready method of obtaining a rough estimate in tons of the 
amount of refrigeration required in a brewery is to divide the capacity 
of the brewery in barrels by four. 

Ice-Making in Breweeik.s. 

Another obvious applicatioi) of rejjlrigerating machines in breweries, 
though (vne of secondary impoitance, is that of making small quantities 
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of ice, either for use in keeping yeast cool or to send o^t to public- 
houses or for private use. This can be very easily accomplished with 
machines having a hrine circulation. If only opaque ice be required, 
all that is necessary is to place galvanised iron pails, moulds, or cans 
of the shape of which the blocks of ice are desired, and filled with 
water in the brine tank, and the water will be frozen in a few hours 
into solid blocks of ice, which can then be loosened by dipping in 
warm water and turned out of the cans, the latter having a slight 
taper to admit of this being more readily performed. When, however. 



Fig. 332.—Triumph Ice Machine Company, Small Brewery with Refrigerating 
Machinery working on the Direct Expansion System. Sectional Elevation. 


clear, transparent crystal ice is desired, it is necessary to use de-aerated 
water, or to keep the water in motion whilst freezing, and some sppcial 
apparatus is consequently required, such as will be found described in 
^ the chapter on Ice-making. 

In Fig. 332 is illustrated in sectional elevation a complete small 
brewery fitted with refrigerating machinery on the direct expansion 
.system as designed by the Triumph Ice Machine Company, U.S. This 
out gives a gfood idea of the general arrangement of the plant in such 
a. brewery; for large breweries it.will of course differ to a greater or 
kssei'extent, depending upop the size, capacity, &c. • 
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EkfRioieation in Candm and Paraffin Oil Works. 

Further important applications of refrigerating machinery to manu 
facturing purposes are—In candle works, for the extraction of the 
solid stearine and paraffin; and in paraffin oil works, for enabling 
refiners to extract in an economical manner in the presses a greater 
quantity of paraffin than is obtainable in any other manner, and also to 
obtain a product of a superior quality. 

The first type of refrigerating machinery used for the extraction 
of solid paraffin was, as has been before mentioned, a Harrison ether 
machine, and the mode of application is described by Hr A. C. Kirk 
as follows;— 

“In 1801, when I applied an ether machine to the cooling of 
pa-affin oil in order to extract the solid paraffin it was, as far as I 
know, the first application of a refrigerating machine to manufacturing 
puiposes. 

“ Paraffin oil consi.st8 of a mixture of many oils of various specific 
gravities, ami contains in solution many solid paraffins of different 
melting points, some crystallising from the oil at a low temperature, and 
some at a comparatir ely high one. This crystallisable paraffin has to 
be extracted from the oil, as much to render the oil fluid at all ordinary 
temperatures as to secure the valuable solid paraffin which is so largely 
used for candle making. 

“ As paraffin and paraffin oil are very bad conductors of heat, it 
was from the first evident that in cooling it artificially the heat to be 
removed could not pass through a layer of any considerable thickness 
but at a very slow rate. In my earlier arrangements pipes, closed at 
the bottom and opened at top, depended vertically from an iron tube 
plate, and, by suitable arrangements, a current of cold brine was main¬ 
tained through these pipes. The pipes hung down into a wooden box, 
which was filled with paraffin oil, and, after standing a certain time, the 
ml was cooled and the paraffin was crystallised from its solution in the 
oil, the whole forming a pretty firm pasty mass. An iron scraper plate 
fitted these tubes, and being attached to the box and drawn down 
with it as the box was lowered, forced this frozen paraffin down from 
between the tubes, and it fell into tbe bottom of the box. 

“This arrangement worked until it was entirely burned down. 
When it came to be reconstructed, I adopted a more speedy plan. I 
used a drum, with cold water circulating in it, or it might be cold 
brise. and as this drum revolved, thq lower part of its circumference 
dippe<f iqto a small pan containing the paraffin solution. A coating 
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adhered to the drum, was cooled as the drum revolved, on the opposite 
side was scraped off continuously and fell into a tank below. By this 
means a continuous process was substituted for an intermittent one.” 



An ordinary arrangement for the extraction of solid paraffin from 
shale oil is shown in Fig. 333, wherein a a are the cooling drums or 
cylinders, b b the troughs or receptacles intended to contain the ^ 
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be treated, and 0 c scrapers for removing the partly solidified oil from 
the drums ot cylinders a. 

The operation of the apparatus is exceedingly simple, a circulation 
of brine, first reduced to about 10° or 12° Fahr., or other desired tem¬ 
perature, in the usual manner, is afterwards passed through the set of 
cooling drums or cylinders a, entering each of the latter at one of the 
hollow trunnions or gudgeons, and leaving at the other. The lower 
portions of the drums or cylinders A dip, as shown in the drawing, into 
the open shallow troughs b, one of which is placed below each drum, and 
in which the oil to be cooled and treated is placed. The surfaces of 
the drums or cylinders a during their revolutions are immersed in this 
oil, and become coated with a thin film of it, which is cooled by the 
circulation of the cold brine from the machine, and reduced in tempera¬ 
ture during the continuance of the revolution, until it is finally removed 
in a pasty condition by the scrapers c, one of which is arranged to press 
against the penphery of each of the drums; or cylinders. The remaining 
oil is the)i drawn away by plunger pumps, and forced through filter 
presses, which separate the paraffin wax crystals or scales from the oil. 

The employment of a refrigerating machine of one type or another 
in a works engaged in the production of paraffin is, and indeed has 
been for some years pa,st, deemed indispensable, and but few manu¬ 
facturers now endeavour to do without it. Indeed, the development of 
the paraffin industry dates from the time when an ether machin.; of the 
Harrison type was first used for this purpose, which, as already men¬ 
tioned, was in 1861. 

Repbioebatiox in Ahtipiciai. Bi'tteb Factobibs. 

In the manufacture of artificial butter a variety of ingredients are 
first melted and 'imalgamatcd together at about blood heat in churns, 
and the resultant mass is then mixed with and run out into ice-cold 
water contained in open troughs. This sudden application of intense 
cold crystallises and granulates the artificial butter, which is then 
skimmed off, and at'the same time it also washes out the buttermilk, 
which otherwise, by its rapid decomposition, would taint the butter. 

Primarily, and indeid still to a considerable extent, the means 
adopted for reducing this water to the requisite temperature is the 
application of natural ice, which is placed in tanks partially filled with 
water, and by melting imparts its cold to the latter. This plan, 
however, is open to several serious objections, amongst which may be 
mentioned: The excessive cost of the ice and of the necessary labour 
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for handling it; the impossibility of thus obtaining as low a tempeiature 
as is desirable, the best result being the mean of the two temperatures 
of the ice and the water; the non^attainment of a regular temperature 
continuously; and, finally, that (he natural ice is always more or less 


Fig. 334.—Refrigeration Arrangement in an Artificial Butter Factory. 
Sectional Elevation. 

dirty, and renders the cooled water so also, and consequently soils 
and spoils the colour and appearance of the artificial butter. 

Kgs. 334 and 335 illustrate a refrigerating installation in an 
artificial butter factory. 

In the arrangement shown in Pig. 334 a circulation of brine, 
rMuoed to a low temperature (about 20“ Pahr.) in the evaporator or 
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refrigerator of a Pontifex-Wood absorption machine, or of a compres¬ 
sion machine, is forced by a brine pump through the pipe i to the 



bottom of the refrigerator L, the construction of which latter is more 
cleSr’y^ shown in the enlarged view thereof, Fig. 336. It consists of 
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sets or rows of horizontally arranged copper or bi'ass tubes, secured at 
their extremities in return heads, and through which the cold brine 
from the cooler passes. Over these tubes the supply water is allowed 
to trickle into the cooled or ice-water tank m, from which it is drawn 
off as required for the use of the churns through the pipes N. In this 
manner a steady and constant supply of clean cooling water at a tem¬ 
perature as low as 3 2‘5° Fahr. is ensured. The brine returns to the 
pump from the top of the refrigerator l through the pipe j. 

In factories where the practice of using water cooled down only to 
39° or 40” Fahr. prevails, the brine refrigerator l can be dispensed 
with and the water to be cooled may be simply run through the pipe.s 
in the cooler as in the arrangement in a brewery for cooling water for 
refrigerating and attemperating, shown in Fig. 331. 

For holding artificial butters in cold storage for lengthened periods 
the temperature.s rccimmended for both butterine and oleomargarine 
are 20° to 35°. 

Refriobsatiok in Tea Factories for Rboulatino the Tempera¬ 
ture OF THE OxiniSINO OR FERMENTATION OF TeA. 

It is found desirable to maintain the atmosphere of the fermenting 
rooms in tea factories situated in the low countries or plains at the 
same temperature as those of factories situated in the hills, and this 
can be advantageously carried out by means of mechanical refrigera¬ 
tion. A patent for an arrangement of this description has been obtained 
by Mr H. T. Armitage, of Halton. By means of this process water 
tanks, cold cloths, fans, Ac., can he dispensed with, and the oxidation 
or fermentation carried on instead in a cold room, the temperature of 
which need not be reduced below 46°, at which point it has been 
found that fermentation ceases. A plant erected by Mr Armitage, 
for the above purpose, consisting of a Schou’s patent ammonia com¬ 
pression machine, made by Tuxen & Hammerich, having a cooling 
capacity sufficiefit to maintain a room of about 3,800 cub. ft. at 40”, 
with the temperature outside at about 70” Fahr., and requiring 
about 2J H.P. for driving purposes, is found capable of cooling about 
250,060 lbs. of made tea per annum. 

Refrioeration in Sugar Factories and Refineries, for the 

, Concentration of Saccharine Juices. 

Refrigeration is used in sugar factories and refineries for the 
concentration of saccharine juices and solutions by freezing or con- 
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pealing the watery particles, which are then removed, leaving the 
residuum of-a greater strength. 

A method of concentrating saccharine juices by freezing or 
congealing and decantation, devised by Mr P. Monte, is thus 
described in “La Sucriere Indigene et Coloniale.” The freezing 
tank is fitted with two twin coils jdaced alongside each other, and 
in which the refrigerating liquid or medium is caused to circulate 
alternately from the external walls of the tank towards the centre 
and the reverse, for the purpose of producing layers of ice of equal 
thickness. The different layers of the liquid are reduced in temperature 
from the top downwards to the bottom, one after the other, the 
temperature of the refrigerating agent or medium gradually decreasing. 
In this manner a larger amount of the juice is frozen or congwled 
without the formation of an impenetrable mass of ice. The coils of 
pipe which serve as refrigerating coils for the concentration of the 
saccharine juices, are subsequently employed to cool the refrigerating 
liquid or medium itself. 

The freezing or congealing tank comprises a vessel having separate 
coils of pipe placed at different heights therein, the circulations being 
arranged to take place, as already mentioned, from the exterior 
towards the centre. A battery or set of these tanks are connec^ 
up in series so that the freezing or congealing and the concentration 
can be carried out uninterruptedly, and that the ice formed and 
remaining after the removal of the concentrated liquid may subse¬ 
quently be used to reduce the temperature of the refrigerating liquid 
or medium without there being any necessity for the removal of 
the ice. 

REfRIOBKATIOIl IN BLAST FtJBNACES FOB DESICCATING AlE AND 

Pboducing a Dry Blast. 

Refi-igerating machinery is becoming largely used for desiccating 
the air for use in blast furnaces, and producing a dry blast. To 
remove the moisture-from the air the latter is reduced in a suitable 
cooler to a temperature below dew point. The surplus moisture m the 
air is precipitated upon cold surfaces, and the air leaves the cooler 
nearly saturated, and at a comparatively low temperature. The 
percentage of saturation remains constant so long as the temperature 

the same. In the case of coolers of the “dry" type working at 
moderately low temperatures, a portion of the moisture precipitated is 
deposited upon surfaces in a liquid state, and can be drained off. The 
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remaining moisture is jirecipitated in the form of snow, and must be 
removed from the snow boxes from time to time. In coolers of the 
so-called “wet” type, the air is brought into contact with an uncon- 
gealable brine bath, which absorbs the surplus moisture. The brine 
becomes weak from dilution, and has to be periodically rcconcentrated 
either by the addition of fresh salt or by evaporation. An objection 
to the “ wet ” type of apparatus is the po.ssibility of bi'ine being carried 
away in a finely divided state with the currents of cold aii-. 

The advantages of desiccated air are as follows:—A reduction of 
about 15 per cent, in tlie consumption of coke, and an increase of from 
10 j)er cent, upwards in the prcaluction of iron, according to the 
nature of the furnace, character of the ore, and other conditions. The 
furnace is more regular and uniform in its ofieration, and will hold the 
zone of fusion more steadily neai-er the tuyeres. The life of the 
furnace lining is also lengthened, by 20 to 30 per cent., according to 
the working conditions. The use of desiccated air enables a much 
higher Iwat temperature to be employed, and also ensures an economy 
of from 5 to 10 per cent, in the limestone used for fluxing purposes. 
There is also found to bo a marked regularity in the silicon and sulphur 
content of the pig iron, which is a very important point, and also a 
considerable reduction in the flue dust owing to the concentration of 
the heat at the tuyere zones, which causes regular operation, and 
prevents slipping or scaffolding in the furnace. The flue dust may be 
reduced as much as 60 per cent, by careful working. The use of 
desiccated air also gives greater economy in the working of the 
blowing engines, the speed of which may be reduced as much as 
16 per cent. 

Figs. 336 and 337 show a large ammonia (NHj) plant on the 
Haslam system, erected at the Spring Vale Furnaces, Wolverhampton, 
belonging to Messrs Alfred Hickman, Ltd. The installation is 
capable of desiccjiting 100,000 cub. ft. of air per minute, entering the 
batteries at 90°-Fahr., and reducing same to 20° Fahr., with a satura¬ 
tion of 1'3 grains of vapour per cubic foot. This apparatus, which 
has been in operation for some time, is found to give excellent results, 
and, if required, a lower temperature than 20° can be obtained. The 
desiccated air is delivered to five furnaces, and also to the steel works 
for use in the converters. 

The installation comprises six duplex aiumonia compressors driven 
by rope gearing from electric motors. The ammonia condensers are of 
the Haslam type, interlaced and without joints welded by electricity. 
The condensers are constructed to work with high temperature con- 




Fig. 336.—Installation of Refrigerating Machinery (Haslam Type) for Desiccating 100,000 cub. ft. of air per minute for use in 

Blast Furnaces. Perspective View. 
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densing water, and the water pumps are driven by electric motors. 
The cooling of tlie air is effected by a Haslam patent air-cooling 
battery which consists of galvanised corrugated steel plates and direct 
expansion cooling pipes (.see pages 294, 295). This battery Is divided up 
into two sections, one for cooling water and the other for cooling brine. 
In the first section the air i.s cooled from 90’ down to from 36° to 38°, 
and here the greater part of the aqueous vapour is extracted. The air 
then enters the second section at a temperature of from 36° to 38°, 
and is coohid by brine to 20°, or lower if required, and the remainder 
of the vapour extracted. The advantage of this arrangement is that 
the air deposits the great part of its moisture in the first cooler, and 
only a relatively small amount is extracted in the .second cooler. A 
special brine concentrating apparatus is provided, an that any water 
ac’umulating in the brine can bo evaporated, which admits of the 
brine being kept at a regular specific gravity. 

Refrioeeation in Wine Making. 

The following is an abstract of an interesting article on the use of 
refrigeration in .vine making which appeared in the Kemie Gfw'rale 
du Froid, Paris. 

Substances contained in saturation in the must of grapes become 
indissoluble when the temperature is reduced, and 2 to 3 grammes of 
cream of tartar have been in this manner obtained per litre of must of 
Burgundy wines. The gums, mucilages, and albuminous matters being 
acted on at the same lime. 

Precipitations of mineral and organic sul(stances create an inductive 
force acting on the matters in suspension, the deposit and the clear 
liquid becoming separated in respectively varying volumes, and low 
temperatures haX ing an intense defecating action. Cold augments the 
supersaturation of the mineral substances of the must, which has a 
great affinity for them, whilst the combinations of air and must are the 
slower the lower the temperature. This slowness of oxidation is an 
important feature. 

The action of cold may be helped by that of heat. Clear clarified 
must heated to 00° forms a second coagulation, the precipitation of 
■which is aided by cold. The two actions of refrigeration and Pasteur¬ 
isation may be thus combined, and a clear must deprived of many 
substances destined to be afterwards precipitated be obtained. 

In order to multiply the ferments, if the Pasteurisers are not dis¬ 
pensed with it is necessary to clai-ify and relieve the must of the 
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greater portion of its gonns. The Irost method comsista in lowering 
tiie temperature to 4' or 5° or even to 0° if possible, with tSie addition 
of from 3 grms. to 5 grins, of liquid sulphurous acid per hectolitre of 
must. The defecation of cold has generally the result of taking from 
wine any earthy taste. 

Gatherings of grapes changed or decomposed are greatly benefited 
by refrigeration of the must before fermentation. The oxidising 
substances which impregnate mucilages are precii'itated in the lees 
with a portion of the hni'tful ))articleR, likely to impart disagreeable 
flavours. 

The growers would find it advantageous to submit the must of 
white wines to the action of cold on coming from the press, until it 
turns limpid. Fermentation after drawing off clear should be alloweil, 
and the ferments added will act more cflicicntly. 

White wines ferment in large vats at temiieraturcs exceeding 32' 
to 3!l°. A low temperature preserves tlu' aroma produced by the 
ferments, and refrigeration by means of water is, as a rule, insuflicient 
in practice for the maintenance of a suitable temperature. 

On leaving tlie fermenting vats, white and red wines throw down 
important deposits. The wine deposits its gross lees during the firs! 
month. At the end of six months the wine has made a aeries of 
deposits and assumes a limpid nature. The wine-growxir dares not 
ha.ston young wines. AVith the help of refrigeration, however, a more 
complete and regular clarification can be obtained than that produced 
by six months of rest. Besides which, the lees or dregs are reduced to 
a minimum, and are heavy and concrete. The diminution of lees, 
especially in the case of raw wines, repays to a great extent the cost of 
.refrigeration. The wines thus freed may be immediately used, and 
under this head there is a sa\ling in cellarage for the producer. In the 
year 1860 the use of cold for the congealing and concentration of wines 
was predicted byVergnette Lamothe in Burgundy. 

As large quantities have to be cooled, it is advisable to take 
measures to recover the cold, and the cooled wine may be used as a 
source of cold by means of temperature exchangers. 

The must is drunk in France under the name of unfermented wine, 
“vin bourru,” “macadam,” “vin doux.” Towns like Paris, Lyons, 
and St Etienne, receive entire train loads .of must from the south or 
special centres, such as Bergerac. In South America mast is consumed 
after heating it over an open fire to impart keeping qualities and to 
give it a special flavour. Up to the present the practice has been to 
forward in tuns from Vignoble the must coming from the press.* The 
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tuns are fifst either strongly fumigated, or treated with bisnlphate 
of potash. RefrigeratiA is, however, the best means for transporting 
must to a distance. Must cleansed with 10 grms. of liquid sulphurous 
acid per hectolitre, Pasteurised in the same way as wine and cooled 
to 8°, may he transported to any distance in waggons properly arranged. 

The concentration of wine hy means of artificial cold had already 
been suggested by Baudoin and Bchribaux; and M. Pacottet again 
in 1895 arrived at the same conclusions with respect to the problem; 
(1) The freezing point is lowered in correspondence to the alcoholic 
contents, a wine having 7 per cent, of alcohol commencing to freeze 
at - 2° with formation of little crystals of ice; at 11 per cent, of 
alcohol the freezing temperatures falls tf' - 5° and - 0°. Concentra¬ 
tion by cold therefore calls for very low U nperatures, and is conse¬ 
quently onerous. (2) If the crystals of ice be -eparated from the rest 
of the wine, drained, and then aubmitteu to an energetic whirling, 
they will be found to retain quantities of alcohol often exceeding 
1 per cent, .a id also colouring matters. (.3) Wine concentrated by 
congelation has a turbid appearance. After a certain period of repose 
it throws <lown on abundant deposit formed chiefly of organic matters, 
of tartar, and of cotjuring matter.s. If the concentration be carried 
to any length, the wine deteriorates with considerable rapidity, and 
as,sumcs at the end of a few months the yellow tint characteristic of 
stale wines. To sum up, concentration by freezing entails considerable 
losses in alcohol, of colouring materials, and of tartar. The concen¬ 
tration of musts by means of cold is not yet developed on an industrial 
basis. The operation calls for special plant, and has to compete with 
concentration in vacuum at 40” to 44°. In a country such as the 
Argentine, however, where fuel is scarce and water power cheap, cold 
might be used economically as a concentrating agent. Its use affords 
the advantage of producing musts which are less acid than those 
produced with heat as the agent. 

Vamocs other Mancpactoeino ahd Industrial Applications. 

Amongst the ^numerous other manufacturing and industrial appli¬ 
cations of refrigerating machinery, mention may be made of the 
following:— 

In dynamite factories for maintaining the dynamite at a low 
temperature during the process of nitrating. 

In manufactories of photographic accessories for cooling the 
gelatine dry plates. 
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In soda-water works for cooling soda or mineral waters before 
bottling. 

In chemical works for the reduction of mother liquors at low tem¬ 
peratures, thus hastening crystallisation, and augmenting the amount of 
crystals produced, as well as reducing the cost of production. In addi¬ 
tion, however, to substances the crystallisation whereof is facilitated 
by cold, it can be also advantageously employed for the congelation of 
various chemicals, and for other purposes. 

In india-rubber works for the curing and hardening of blocks of 
india-rubber, thereby facilitating the cutting of same into sheets for 
the manufacture of various elastic articles, the material in that 
state admitting of it b<ung worked up in a much superior manner, 
and, moreover, at a tar lower cost. In glue works for drying the 
gelatine, and so admitting of the use of less concentrated solutions. 
And also in numerous other industries, in which it would lie im¬ 
practicable to carry out many of the manufacturing processes in the 
summer months without the employment of some artificial means tor 
cooling. 

For the purification of gas intended for the inflation of balloons by 
the removal of tarry matter, &c., therefrom, and also for drying the gas 
by the elimination of the greater portion of the aqueous vapour present 
in ordinary coal gas as usually commercially manufactured, and in this 
manner greatly increasing its efficiency for the purpose in question. 
This method has been proposed by Mr C. Lambert. 

In tropical and other warm climates for cooling the atmosphere of 
hospitals and public buildings. 

For the regulation of plant growth by retarding the growth of 
' bulbs and flowering plants to, produce blossoms at any time of the year 
desired, and to fruit trees, so as to enable fruit to be obtained at any 
season. 

In laundries, for effecting the white bleaching of clothes, and for 
drying them, the latter operation being performed by means of a con¬ 
densing plate. 

For freezing bait in northern waters. At the present time a cold 
. store of considerable size is being erected in the Westmanna Islands 
intended for the preservation of herrings for use as bait in the Iceland 
line fishing. 

' For the preservation of furs, and various fabrics such as carpets, 
rugs, silks, tapestries, and upholstered furniture, from the ravages ef ? 
' moths and beetles, and in the ca^e of silks to prevent them from losing 
weigtt and to preserve their gloss or lustre. Furs should bp kept in 
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dark chambers at a tonniernture of 0° 0.; small articles in cases with 
layers of pa^r between, larger ones hung independently. 

For cooling the holds of vessels carrying live cattle, in which 
manner a uniform temperature of about 70° Fahr. can be maintained 
throughout the entire voyage (instead of its rising to over 100“ as it 
otherwise would), thus entirely obviating the heavy losses of cattle 
usually experienced from the high temperature and bad ventilation. 
It might also be advantageously applied, on large passenger ste.amers, 
to cool and ventilate the saloons and state-rooms, as also the engine- 
rooms, (tc., when in hot latitudes. 

And finally, for producing artificial surfaces of ice in inclosed 
places, so as to provide skating rinks upon which this pastime may be 
enjoyed during the mildest winters, or at any sea.son of the year. Such 
an installation was (-rected some years ago at the Niagara Hall, 
London, of which the following is a brief description 

The plant consists of ammonia compression machines of the De 
La Vergne type, the ice-making capacity of which is of 12 tons per 
day each. Tlie rink itself, when in everyday use, requires the expendi¬ 
ture of a refrigerating power equal to that consumed in the manufac¬ 
ture of 8 tons of ice per day, and the balance of power, which is con¬ 
siderable, is employed in the manufacture of block ice, and in main¬ 
taining the cold storage chambers in connection with the rink at the 
required temperature. 

The congelation or freezing of the water to form the ice surface 
of the rink is effected by a network of pipes which are laid upon the 
floor of the rink, and through which brine, reduced to a sufficiently low 
temperature in the refrigerator of the machine, is kept in constant circula¬ 
tion by means of a suitable brine pump. The non-congcalable liquid or 
brine employed in this instance is a strong solution of calcium chloride. 

The operation of the ammonia compression machines employed for 
this purpose differs in no way from the description already given when 
dealing with that type of machine. 

Constructional Applications. 

For the freezing of loose ground in quicksand soils, in order to 
facilitate sinking colliery shafts, well-sinking, tunnelling, or putting in 
foundations, wherever the amount of water is too great to be pumped 
or in cases where the removal thereof would damage existing founda¬ 
tions, to avoid the necessity for expensive underpinning, &c. This 
may be effected either by means of aAmonia or cold-air machines. 
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In the case of a quicksand in a well, a coil of pipes, of a .somewhat 
larger diameter than the lining of the well, is usually sunk into the 
quicksand, and the latter frozen by a circulation of cold brine through 
the coil. Tile necessary excavation can then be proceeded with, and 
ns soon ns the lining is jiut in, the circulation of brine is stopped and 
the coil withdrawn. 


Tunnelijno. 

During the construction of a tunnel for foot-passengers through a 
hill in Stockholm this method was employed for driving the tunnel 
through about 80 ft. of loose ground, consisting of gravel mixed with 
clay and water, which possessed so little cohesion as to render the 
ordinary method of excavation impossible. The refrigerator employed 
was a cold-air machine of the Lightfoot type, capable of delivering 
26,000 cub. ft. of air per hour, and the arrangement consisted in form¬ 
ing the innermost end of the tunnel into a freezing chamber by means 
of a partition wall made of a double layer of wood filled in between 
with charcoal. After the refrigerator was run continuously for sixty 
hours the gravel was frozen into a hard mass to a depth varying from 
5 ft. near the bottom of the tunnel to 1 ft. near the top. The work 
was proceeded with in 5-ft, lengths, the excavation commencing at the 
top, and a temporary iron wall of plates 12 in. square was built up 
agaimst the face from the top downwards as the cutting away of the 
gravel was proceeded with; the arching of the tunnel was completed 
as quickly as possible close up to this temporary iron wall while the 
ground was still frozen. After being fairly started it was found sutfi 
cient to run the cold-air machine on the average from ten to twelve 
hours every night except after heavy rains, when much water perco¬ 
lated through the gravel. After two 5-ft. lengths had been excavated 
the partition was moved forward. The daily progress whilst employing 
the freezing proqess was on an average about 1 ft. 

A full description of the construction of this tunnel is given in the 
Engineer of 9th April 1886. And in the issue of 30th November 
1883 of the same journal, will be found an interesting account of the 
Poetscii method of sinking colliery shafts by freezing the soil by means 
of an arrangement consisting of a series of vertical iron pipes placed 
in a circle. . 

Sinking Shafts. 

A very interesting account of the more recent applications of the 
PoetsCh process in Prance has also been given in a paper pp6n the 
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use of freezing machinery for sinking through water-bearing strata by 
F. Schmidt,* of which an abstract is subjoined. 

The Poetsch process was first employed in the Homssu coalfields of 
Hainault in 1885, having been introduced into France at a later date, 
viz., 1890, and since extensively employed for sinking pits through the 
Tertiary and Cretaceous strata above the coal measures at Vendin-Sens, 
Dourges, Courrieres, Vicq-Anzin, and Flines-lez Raches, the pits being 
respectively 82 and 84, 47, 46, 102 and 102, and 70 m, in depth. 

The latter was the most difficult undertaking. The permeable 
strata to be got through were 70 m., blue marls affording a bearing 
for tubing at 72 to 79 m.; the Tertiary sands and clays were 25 m. and 
the chalk about 50 m. in thickne.ss. At the junction of these forma¬ 
tions a heavy sheet of water was encountered, which gave from a 
sinf'le bore-hole a flow of 1,200 cub. m., which rose to 2 m. above the 
surface; a second one in the lower portion of the chalk between 65 and 
70 m. also overflowed. Two brick towers were constructed round the 
mouth of the pit—viz., an inner one of 6 m. and an outer one of 11 m. 
in diameter, and rising the one T6 m. and the other 2'6 m. above the 
level of the surface—with the object of arresting these feeders, but 
wore found to be ineffectual and incapable of maintaining the water 
level constant by reason of a lateral flow joined to subsidence which 
was set up in the overlying strata of sand, the arresting of which 
necessitated the sinking of a special bore-hole so as to trap the spring 
at a distance of 25 m. eastward from the pit, by which means a steady 
head of 1-6 m. of water was got in the towers, and the freezing 
operation could be commenced. 

Tlie freezing circuits were twenty-two in number, contained in bore¬ 
holes 75 m. deep, one of which was located in the centre of the pit, 
which was 4-2 m. in diameter, the remaining twenty-one being 
arranged in a riiig 6 m. in diameter. An ammonia-compression 
machine of the Fixary type was used for the production of the 
necessary cold; it was driven by a 600 x 900 mm. single-cylinder 
engine, making eighty revolutions per minute, and capable of producing 
cold equal to 1 ton of ice made per hour. 

In thirty-eight days from the 1st September 1894, upon which 
date the freezing ifiachine was started, the ice-wall was completed, and 
the sinking commenced on the 26th October, the relief or special bore¬ 
hole being stopped for good on the 6th November. At the upper 
strata the ground was broken up by means of piok.s and wedges, but at 
a lower level blasting by means of compressed powder was employed. 

• BtilleHn de la SociiU de VIndustrie Mtndrale. vol. ix., ISUS, pp. 273-416. 
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The central tube was disused and removed as the sinking progressed. 
When a depth of 14-8 m, was reached two oak seating rings, the one 
22 X 24 cm, and the other 22 cm. square, were secured in position for 
the first line of tubbing, which was compo.sed of segments of oak 16 cm. 
to a height of 2'G m. above the surface level, with a 16 cm. backing of 
concrete increase<l to 70 cm. near the surface. A .second seating with 
curbs of 22 x 24 cm. and 22 x 20 cm. was fixed at 26-93 m., and a third 
at 43-82 m,, which latter bad throe seating rings respectively, of ■ 
22 X 28 cm., 22 x 24 cm., and 22 x 22 cm. in section, the tubbing rings 
being of 18 cm., with the same thickness of concrete behind. By April 
1895 the pit was sunk to a depth of 70 m., and on the 1st May the 
building of the tubbing was completed. Light was provided by incan¬ 
descent electric lamps supplied with electricity from a dynamo situated 
in the same building as the freezing machine. 

The cost of sinking in frozen ground per meter was as follows:— 

' Francs. 

Freezing ...... 1,550 

Kinking ...... 1,50 

Tubbing.n.'iO 

Cunereting and sundries .... ,50 

2,400 per metre. 

The Poetsoh method of sinking has been also lately successfully 
employed at the coal-field of Ligny-les-Aire in a sinking through a 
permeable covering of about 86 m., and in the repair of the cylinder 
pits of the Fontinette Canal lift. These pits, which were of 4 m. 
in diameter, were sunk by compressed air and tubbed with cast iron 
..between 1883 and 1887. In 1893, however, owing to an irregular 
subsidence of the ground, they became leaky, and it was decided to 
, replace the iron lining by one of brickwork of 80 cm. in thickness, 
thus reducing the diameter from the original 4 m. to 3-7 m., with i 
a considerable increase in the bottom bearing of the press, which was 
to consist of a cylindrical block of brickwork 5-307 m. in diameter 
and 2 m. in height. In the carrying out oS these repairs it’was 
deoiddd to adopt the freezing process in preference to using compressed 
air, so as to avoid any chance of disturbing the ground, and thus 
causing damage to the neighbouring buildiiigs. 

.,The work was commenced at the right-hand press, the boat-cradle 
being secured at its highest level by means of two supporting girders ^ 
of 40 m. in depth; the piston was disconnected, and twenty bore- 
Tudes-arranged on a circle of 6‘307 m. in diameter, or 99 cm, apart, ^ 



CONSTRUCTIONAL APPLICATIONS. m 

smd one placed centrally, were provided for freezing. These bore-holes 
were about "2 m. deeper than the bottom of the new foundation, and 
lined with tubes of 150 mm. iu bore and of 6 mm. in thickness, 
formed of steel. The freezing tubes were likewise of steel and 125 
mm. in diameter, and the inside brine supply pipes of iron and 33 mm. 
in diameter; the collecting ring.*; were of 100 mm. bore by 5'050 m. 
diameter on the admission, and 5'7 m. diameter on the return circuit. 

Mr Schmidt does not think that the methods of working proposed 
by Mr Gobcrt and Mr Koch are likely to afford as favourable results 
as are obtainable by the original method. The first of these gentlemen 
proposes to volatiso the liquefied ammonia iu the freezing circuits; 
and the latter depends entirely upon gaseous expansion. 

The paper also contains descriptions of the combined method of 
freezing and fire-setting in frozen ground used for prospecting for 
gold in the alluvial deposits of the Sibc’ian i ivers during the winter. 

The following extracts are taken from an account of Mr Gobert’s 
system *■ given in “ The Colliery Manager' s Handbook ”;— 

This is a nodificatioir of the Poetsch congelation method, arrd is 
specially applicable to the sinking of shafts through shifting sands 
arrd water-bearing strata. 

Fig. 338 is a vertical section and Fig. 339 a plan showirrg the 
refrigerating plant and the shaft to be sunk, the two being as near 
each other as possible, and the shaft being lightly roofed over as a 
protection from the weather. The power of the steam engine required 
varies with the diameter and depth of the shaft to be sunk, and rreed 
not exceed 40 H.P. unless the shaft is deep. The steam engine and 
citmpressor are placed horizontally side by side and connected to the 
same shaft, with a fly-wheel and pulley for belting between them. 

Liquid ammonia is forced by the compressor through the series of 
wrought-iron tubes of the condenser, first to the reservoir, which acts 
as a kind of governor, and then by the lower of the two pipes seen in 
the vertical section to the system of congelation tubes round the shaft. 
Great heat results from compressing the gaseous into liquid ammonia, 
and in order to al&tract it, the condensers have a relatively large 
surface, and cold water is caused to circulate freely round them. 
This water is kept in a state of agitation by means of the small water 
wheels with floats, shown in the drawings, driven by belts oflf the 
pulley on the main shaft. 

* For further description and illustration of the system see “ The CoUiety 
Wnauer’s Handbook,” by Caleb Pamely, M.E., published hy Crosby Lockwood 
& SbiMltondon. 
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The machinery, by means of the upper of the two pipes seen in 
the \ertical section, exhausts gaseous ammonia from the congelation 
tubes, sunk vertically beneath the surface of the earth round the site 



of the shaft, and forces it, condensed into a liquid form, first through 
fJie apparatus for separating the oil (see Fig. 339), and then into the 
condenser, ■ • . 
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The compressor piston is freely lubricated with mineral oil, and 
some of tha ammonia comes into contact with and is absorbed by 
it. The mixture might choke the tubes of the condensers, and pos¬ 



sibly even reach the congealing tubes if the two 
separated This is effected chiefly by the oil-separatoi but, as an 
additional precaution, a space is provided at the bottom of eac 
congelationdube for the reception c^f any oil that may be car 
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there. The oil retained in the separator is not effectually separated 
from tlie ammonia, but is slightly mixed with it. This ammonia, how¬ 
ever, is recovered in the purifier, where it is driven off by distillation. 
The distillation is effected by means of a worm through which steam 
from the boiler circulates; the ammonia vapour is led by a small 
curved pipe, seen in Fig. 338, into the main pipe leading the gaseous 
ammonia from the shaft to the compressor. 

Over the centre of the area forming the intended .shaft are two 
pipe-rings, the lower of which is in connection with the ingoing pipe, 
and receives the liquid ammonia, and afterwards distributes it by the 
radial pipes to the vortical congelation pipes sunk in a circle below the 
surface of the earth. The upper ring is in connection with the return 
pipe, and forms a receivcsr for the collection of the gaseous ammonia 
from separate orifices in the same congelation tubes after it has by 
evaporation in these tubes produced the desired refrigerating effect. 
The gaseous ammonia is drawn from the upper ring pipe to the con¬ 
denser through the return pipe. 

The liquid ammonia is not allowed to fall to the bottom of the tube 
and collect in a mass, but in order to cause the evaporation of the 
greatest possible amount of liquid in a given space of time, the small 
pipe for leading the freezing liquid through the tube is made to assume 
either a wavy or a spiral form, as shown in Figs. 340 and 341, in which 
A represents the congealing tube, B the pipe for leading the freezing 
liquid, and c small holes for allowing the liquid to escape into the tube, 
at points more or less frequent, as may be desired. The injecting pipe 
is led down nearly, but not quite, to the bottom of the congealing tube 
and both pipe and tube are closed at the bottom. The entrance of the 
congealing liquid into the injecting pipe is carefully regulated, and 
descends slowly in a thin stream, the flow being retarded by the waves 
or spirals, and giving up a part of itself at intervals. 

The source of heat necessary for evaporating the liquid is the higher 
temperature of „tlie surrounding strata, and this heat passes not only 
, through the thickness of the congealing tube, but also across the frozen 
wall which soon surrounds it. By this arrangement the liquid to be 
evaporated escapes into the congealing tube at all depths simul¬ 
taneously, and the whole source of heat available is thus utilised at 
the same time for evaporating the freezing liquid. In other words, the 
refrigeraticgl is effected simultaneously at all points. 

, The diameter, number, and arrangement of the holes in the inject¬ 
ing pipe, and also the pitch of the spirals or undulations, are varied in 
imcordance with thq depth in order to produce a greater freezing effect 
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at special points, or a uniform freezing, in accordance with the require¬ 
ments. A congelation may therefore he arranged to have the frozen 
column of larger diameter at the bottom than at the top, on the sup¬ 
position that the measures are of uniform consistency, in order that its 
stability may be maintained while the shaft is being sunk through it. 

The arrows in Figs. 338 and 339 show the course of the ammonia 
in its passage, as a liquid, from the compressor to the condensers, 
and then on to the congelation tubes, and also its return, in a gaseous 
state, from the congelation tubes to the compressor, to be again 
liquefied, and so on. The same ammonia serves indefinihiy, with the 
addition of a small quantity to compensate for waste. 

The process requires a large qu.antity of cold water for use at tho 
condensers, but this must not be drawn from any point so near the 
site of the shaft as to create a current, which might oppose and retard 
the congelation by licking or washing the congelation tubes, thus 
depriving them of their refrigerating oflect, which would be carried 
away instead of going into the surrounding .sand. 

When the wet sand or loose material has been frozen round the 
tubes, sinking may be commenced with a small windlass placed 
tetween the collecting and distributing rings and the circumference 
of the circle of congelation tubes. The men enter, and the excavated 
material is removed, laterally, near the surface, between two congelation 
tubes, where also access is obtained for the segments of tubbing. 

More important winding apparatus must, of course, replace the 
windlass when the sinking has reached a depth of 2 or 3 fathoms; 
then, if the arrangements have been made judiciously and due 
precautions taken, the frozen mass will be so large as to require 
slighter refrigerating power to maintain it than that required for its 
production. This allows' of the removal of one or two radial pipes 
for distributing the ammonia in order to allow of more space for the 
working of a Winding engine. 

A great advantage claimed for the Gobert modification is that if 
the congelation tube be surrounded with water and there he a defective * 
joint, the water will simply enter the tube, on account of the pressure 
therein being less than that outside. If such an accident occurs at 
all it is usually after congelation has proceeded for some time and the 
tube is already surrounded with ice; there will then be no interruption 
in the work. The liquid ammonia always enters the tubes at a tem¬ 
perature above freezing-point, and in practice varies from between 
20° and 35° Cent. {68° to 96° Fahr.). The cold produced is due to < 
the liquid ammonia becoming volatilised in the tubes. 
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It ia of course impossible to entirely guard against leaky joints. 
The thrust’of the superincumbent measures severely tries them, but 
special attention has been given to the design of the joints in order 
to increase their power to resist the strains to which they may be 
subjected. The method of connecting the ends of congelation tubes 
has been by screwing one end into another without internal sockets. 
The thinning of these tubes at the joints frequently causes them to 
break in being withdrawn from the ground. 

The form of joint used by Mr Gobert is shown in Fig. 342. Its 
chief feature is an internal collar, or ring, shown by crossed hatchings 
in the section. This collar has an outside flange of the .same outside 
diameter as that of th(! tubes which it .sorve.s to connect. The flange 
is undercut on both sides .so as to be of doveta'led section. Each end 
of a tube is also bevelled or curved off so a.s to afford with the collar 
flange a groove wider inside than out, iu.lding and compressing the 
load ring or washer instead of forcing ic outwards, thus affording an 
absolutely tight joint when the ends of the tubes are screwed on to thf 
collar. In soi le ca.se,s, especially for joining the smaller size of tubes 
the internal collar ia made without a flii.nge, and then only one leac 
wa.sher is used placed between the ends of the tubes, which must b( 
bevelled and curved ju.st the same a.s when the collar ia flanged 
On the tubes being screwed up, they squeeze the washer between them 
just as the gland of a stuffing-box compresses the packing. The out® 
lines of the section. Fig. 342, shows the form and extent to which t 
tube was covered with ice after having been immersed for thirty-twi 
hours in a tank filled with water; the ice weighed 62 kiloga. (137 lbs. 
at the end of the operation. If the tube had been immersed in we 
sand instead of clear water, the congelation would have been nion 
rapid. One of the two smaller tubes shown at the top of the congela 
tion tube serves to introduce the liquid ammonia, while the othe 
carries off the gas to the upper ring-pipe. 

Instead of ammonia, any other liquid susceptible of easily assumini 
the gaseous state, sqch as liquid carbonic acid or liquid anhydrou 
sulphurous acid, may be employed with a suitable modification of th 
engine. 
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ICE-MAKING 

Various Methods of loo Making—The Can System—The Wall or Plate System— 
Tho Stationary Cell System—Misoellanoous Arrangements for Making Clear 
or Crystal Ice by Agitation—Holden System of Ice-Making—Water De¬ 
aerating or Distilling Apparatus-Vacnum System of Ice-Making -Imitation 
of Natural System—Ice Factories—Ice-Elevating and Conveying Machinery 
—Ice-Making, General — Brine — Storing Ice — Ice-Crushing or Breaking 
Machinery, 

The specific gravity of ice made from de-aerated water Is, according to 
De Mairan, ‘926; its specific heat is '604; at a temperature of 32° 
Fahr. 1 cub. in, = -033449 lb., 1 cub. ft = 57-789872 lbs.; 1 lh.= 
29-896259 cub. in., or -0174 cub. ft The equivalent of 1 ton of ice is 
318,080 thermal units,* that is to say, that this is the amount of heat 
that would be required to convert 1 ton of ice at a temperature of 32” 
Fahr. into 1 ton of water at a temperature of 32° Fahr.; or, on the 
other hand, it is the amount of heat that is necessary to extract from 
1 ton of water at a temperature of 32° Fahr. in order to convert it into 
1 ton of ice at a temperature of 32” Fahi-. The amount of heat that 
would have to be abstracted from 1 ton of water at 60° Fahr. to form 1 
, ton of ice at 32” is 382,144 units. 

When the manufacture of artificial ice first a,ssumed the proportions 
of an industry no great thought was given to the quality of the pro¬ 
duct, and consequently all, or the greater part, of the ice so made was 
opaque. 

Soon, however, a demand for a superior article arose, and it became 
necessary to introduce means for the production of clear, transparent, 
crystAl ice; the result being numerous inventions and patented devices 
' of more or less efficacy. 

The re^n why the blocks of ordinary artificial ice are formed 
opaque is that the rapidity of the. freezing process prevents the air 
‘ wntained ip sdution in the water from escaping, and this opacity in- 

« * A tbertnal unit that amount of heat neoessary to raise the temperature 
. 1 lb, of water 1" by the Fahrenheit scale when at 89*4®. Meoh, eq., 77® J#ounda, 
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creases towards the centres of the blocks, and is less in hot climates 
than in colder ones because the quantity of air held in the water 
decreases as its temperature is raised. Not only is this opacity objec¬ 
tionable by reason of the less pleasing appearance of the ice, but also 
on account of the far inferior keeping qualities of the article. 


Various Mbtuous ok Ice-Makino. 

Five methods may bo employed for preventing this opacity and 
forming clear, transparent, crystal ice, viz., by freezing the water slowly 
at comparatively high temperatures; by agitating the water in cans, 
moulds, or cases during the process of freezing, so as to admit of the 
escape of the contained or imprisoned air; by forming thin slabs of 
ice on what is known as the wall or plate system; hy freezing water 
in shallow stationary cells; and finally bv de aerating or depriving the 
water of its air before placing it in the moulds or cells. 

The first i f these plans, besides, at best, only producing blocks of 
ice partially clear, was so extremely slow, and required the use of such 
a large number of cans or moulds, and correspondingly large tanks, as 
to thereby render the first cost of the apparatus ruinously high, and 
it was consequently soon abandoned altogether ; a modification of the 
same method wherein the temperature of the liquid or medium used 
for abstracting the heat from and freezing the water was gradually 
decreased, having likewise experienced the same fate. 

The second method or agitation can be more or less successfully 
carried out in a number of diil'erent ways, but has, likewise, certain 
drawbacks; for instance, complication of mechanism, increased first 
cost of plant, «Sic, 

The third ami fourth methods, or the wall or plate and shallow 
stationary cell systems are also objectionable, by reason of the extent 
of the plant required and the slowness of the process. 

The fifth method, or that wherein the water is first de aerated, that 
is to say, the ate is expelled from the water before it is placed in the 
cans, moulds, or cases, is, all things considered, perhaps the most 
satisfactory, and Is in extensive use in many works where large 
quantities of ice are made. 

As the refrigeration of cold stores or chambers, so also the manu¬ 
facture of ice with modern machines may be divided into two main 
systems, that is to say, the one wherein brine previously reduced in 
temperature in the cooler or refrigerator of the machine is used for 
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freezing the water, and the other wherein the freezing or congelation is 
effected by the direct expansion of the refrigerating agent. ‘ 

It will be readily seen that the latter system enable.s a very 
considerable amount of apparatus, essential in the first, to be entirely 
dispensed with; prevents the loss of efficiency due to a second trans¬ 
mission of heat; and, moreover, avoids the mess and inconvenience so 
frequently occasioned by a careless or unskilful use of the brine solution. 

Much greater difficulties, however, have to be surmounted before 
the ditwt-expansion sy.stem can be successfully applied to ice-making 
than is the case with the cooling or refrigerating of cold stores or 
chambers. In the latter, indeed, all that is required to ensure com¬ 
plete success is a perfectly gas-tight system of pipes, and as a pipe of 
no very great diameter forms the safest, surest, and least expensive 
method of imprisoning or confining a gas of a searching nature, it con¬ 
sequently follows that no insurmountable difficulty is here experienced. 
But the freezing or congelation of water is quite another matter, and 
requires'straight surfaces, as it is not only very difficult to remove the 
ice that becomes formed round pipes, but a very considerable portion 
of it is also wasted in so doing. Hitherto attempts to construct straight 
surfaces with sufficiently gas-tight joints have proved more or less a 
failure. " 

Ambngst the numerous different methods devised for agitating the 
water whilst it is freezing, mention may be made of the following:— 
The insertion into the can or case of a metal or other bar which has 
imparted to it a vertical reciprocating motion through a revolving 
shaft and cam or wiper, or by a crank on the shaft, or the placing in 
the can or case of a wooden or other paddle which is moved to and 
fro, or of an endless jscrew or spiral which is rotated by any suitable 
mechanism. The introduction into the can or case of a pipe extending 
to within a short distance of the bottom thereof, and through which a 
current of cold air is forced, which rising in bubbles through the 
water; produces u circulation in the latter. The imparting of a rocking 
or oscillating motion to the can or case itself during the freezing 
operation. 

The main objection to those arrangements wherein some form of 
agitator, or the above-mentioned air tube, is inserted into the can or 
case is the necessity for withdrawing them, g.t or near the termination 
of the freezing operation, to prevent them from being frozen into the 
blocks of ice. 

In the last-named method, the gear for imparting motion to a large 
nnmbpr of cans or likses is found to be exceedingly cumbersome, and 
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has besides to be disconnected, to allow of their being lifted from the 
ice-making tank or cistern to remove the finished blocks of ice 
from the cans. 


Tub Can System. 

Fig. 343 .shows a patented arrangement of Pontifex and Wood’s 
for making clear or transparent pyramids of ice suitable for table 
decoration, itc. The ice-making lx)x or tank a is formed of ii'on, 
wood-lagged, and the intervening space is filled with sawdust. The 
ice-mould.s or cases Ji are made of galvanised wroughtriron, and are of 
a suitable pyramidical form; and the agitators c consist of spirals or 
endless screws, which are kept constantly revolving, during the 
freezing of the block, by gut or other bands n, 
gearing on pulleys E, fixed upon the verti' al 
spindles carrying the spirals or endless screws, 
and upon a horizontal shaft F, supported in 
bearings in brackets secured to the side of the 
tank, to which latter shaft rotary motion is 
impartefl through lielt gearing froiii any avail¬ 
able source of power, as shown in the drawing. 

When the block is nearly frozen .solid the 
agitators must be withdrawn, for which pur¬ 
pose the brackets larryiug the spiral, or endless 
screws, are so secured to the tank as to be 
readily removable thei-from. 

By arresting the freezing action before the 
block is frozen quite solid the central hollow Vertical Section, 
can be filled up with fruit, llowers, or other 
objects, and afterwards the congelation completed, thus producing 
very beautiful eft'ects. 

Fig. 344 is a perspective view showing a cun ice-box with agitators, 
which is the oldest and simplest method of making clear or crystal 
ice. The construction of the apparatus, which is of the Pontifex- 
Wood improved type, will be apparent from the drawing. The 
agitators c, which, are M-ry readily removable, are operated through 
rods running upon rollers, to which rods a reciprocating motion is 
imparted from a rocking shaft 0 , mounted at one end of the tank, 
through suitable'conuecting rods. The ice-making tank a is similar in 
construction to that shown in Fig. 343, but is of larger dimensions, 
and ie filled with brine, a circulation of which is kept up from the coils 
of pipfe jji the cooler of the refrigerating machine by a brine-pump, in ■ 



Fig. .343. — Pyramid 
Ice-making Box or Tank. 
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the usual maimer. The ioe-cana or moulds n are formed of galvanised 
iron, and the blades of the agitators c are of wood. To remove the 
finished blocks of ice from the moulds or cans they are dipped for a 
few seconds in a tank containing warm water, which may be derived 
from that running to waste from any convenient source. The sizes of 
the blocks of ice made vary from 2 ft. x 2 ft. x 6 in. in thickness up to 
3 ft. 6 in. X 3 ft. 6 in. x 12 in. in thickness, and in weight from 
1 cwt. up to 6 cwt., according to the dimensions of the cans employed. 

Fig. 345 is a vertical longitudinal section showing the “ Eclipse ” 
can ice-box made by the Frick Co. The interior arrangement of the 
trunk and ammonia evaporating pipes or coils, ice-moulds or cans. 



Fig. 344.—Hox or Tank for Making Ire on the Can System. 


frame-work for holding the bans in position, with the wooden covers, 
are all clearly shown in the engraving. 

Puplett’s agitators for liberating the air from the water during 
freezing are also reciprocated by crank mechanism. They are, more¬ 
over, so arranged that as the ice grows, and it becomes necessary or 
desirable to reduce the widtli of the paddles or agitator blades, the 
latter ean be feathered by giving them a quarter-turn in + sliaped 
bslots. 

This system of making clear, crystal, transparent ice has, as already 
stated, several objectionable features,, which may shortly be summed up 
&8 follows;— 

The blades of the agitators occupying the centres of the cans or 
moulds whilst tibe blocks are freezing, have to be withdraiiyi «,t the 
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finish, in order to prevent their becoming frozen into the blocks, conse¬ 
quently the spaces occupied by them during their traverse have to be 
congealed without agitation, with the result that each block has a 
narrow oor-e of semi-transparent or almost opaque ice in the centre, 
which to a slight degree, spoils its appearance, although the keeping 
qualities of the ice are not affected thereby. If, however, any im¬ 
purities are contained in the water they become frozen up in the blocks 
and show through thorn, to the considerable detriment of their 
appearance. 

The unavoidable freezing of the blocks at different speeds frequently 
results, with careless watching, in some of the agitator blades or paddles 



Fig. 346.—“ Kclipae ” Can Ice-making Box. Vortical Longitudinal Section. 


getting frozen in prematurely, and broken off. The cans or moulds 
are sometimes filled too full of water, which, in consequence of the 
expansion due to freezing, runs over into the brine solution and dilutes 
it, in some cases to such an extent as to cause it to freeze or congeal 
at the ordinary working temperature of the machine. 

The additional, weight of the cans or moulds which have to be 
lifted with the blocks of ice entails an extra expenditure of labour, and 
the constant handling thereof renders their lives short and necessitates 
a large stock and frequent repairs and renewals. 

To obviate the first of these objections, wooden frames have 
been/ometimes placed in the centres of the moulds Or cans, inside 
whichsthe agitators are adapted to i#ork, a block of ice being frozen 
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up at each eiiil. This, however, gives rise to further serious objections, 
the wooden frames having to be removed from the moulds or cans 
with the ice blocks, detached therefrom by means of chisels, and 
again replaced in the moulds, and a certain (juantity of dirty'water has 
moreover to be pumped out of each of the latter before the with¬ 
drawal of the ice block and frame therefrom, both of which operations 
entail much additional labour. The unequal rate of freezing of the 
blocks causes some of them ttj come out of an uneven shape and 
under their proper weight owing to the large holes in their centres. 

Every apparatus for making ice on this system .should Ixs fitted 
with an arrangement for automatically supplying to each can or mould 
a sutlicient predetermined charg(!, and no more. In the absence of 
this, however, a gauge should be used, and the greatest care in filling 
the cans should be e.vercised. The moulds or cans .should not be filled 
to more than within G in. of the top. 



Kig. 34G.—I’ropcllcr for Circulating or Agitating Brine in Ice- 
making Tank or Box. Hide Elevation. 

On the other hand, again, the can system has several well-defined 
advantages which certainly deserve full consideration. For instance, 
the first cost of the ‘ simple apparatus is low as compared to many 
others ; the blocks of ice produced being, as a rule, of an uniform given 
size and weight, the necessity for weighing them is dispensed with and 
they are vei-y convenient to load and pack; should a can become leaky 
it can be placed on one side for repairs and a spare one inserted in its 
place without delay; and, lastly, the construction of every part of _the 
apparatus is so simple that it can be made or repaired by any ordinary 
engineer without special knowledge of ice-making machinery. 

The cold brine in the ice-making tank or box is circulated or 
agitated by means of a duplex, centrifugal, or other suitable pump, 
or Ijy moans of a propeller. The latter, one form of which, made by 
the “Triumph” Machine Company, is shown in Fig. 346, is the 
cheapest arrangement, and is sufficiently effective. The shaft of the 
above-propeller is made of the best bronze metal, with three,bdhrings 
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fitted with Hug oilers. The bearings are of double-brace make. This 
propeller may be operated by belt-gearing from a small engine, or by 
an electric motor, or any other available source of power. 

Fig. 34'i is a brine strainer of a pattern made by the Frick 
Company, and the construction of which is obvious from the drawing, 
which shows it in vei'tical central section. 

Many ing(!nious, but mostly complicated and expensive, nuichanical 
arrangcunents have Ixsin also dcviscsl for facilitating the handling of 
the cans or mouhls, and so lessening the labour of moving them, a 
brief description of some of the best and simplest of which will be 
found at th(^ end of this chapter. 

Thf, Frre^iii.g Timn Umjuirfi.d for Citit. Icr .— With bi'ine at 14 



Fig. 347.—Brine .Stniiiicr, Frick Pattern. Vertical (Jentral (section. 


the average time of freezing difi'erent-sized blocks of can ice is, 
according to Mr F. E. Matthews writing in Power, New York, as 
shown in the following table; — 


Ti.mk Rk^uirki) for Frkkzino Can Ice. 


Si/e of Can 


Weight of Ice. 


Freezing 1 ime. 


Inches. Pounds. 

ti by 12 by 2(> 31) 

8 „ 16 „ .32 KH) 

8 „ 16 „ 42 150 

11 „ 22 „ .32 200 

11 „ 22 „ 44 300 

11 „ 22 „ 57 400 


Hours. 

15 to 2‘) 
„ 50 
30 „ 50 
50 „ 72 
50 „ 72 
50 „ 72 









492 REFRIGERATION AND COLD STORAGE. 

' While no exact rule, says the same authority, can be forwulat^; 
for expressing the freezing time in terms of difference in tentfi^tQne',' 
bet'ween the brine and the freezing water in the can, because at t3he i 
fact ttiat the heat-transmitting surface of the freezing watei k 
decreasing and the insulating effect of the ice forming is increasing, 
it, nevertheless, has been claimed by some that the time required for 
freezing can ice with brine at the usual temperature varies directly 
as the square of the thickness of the cake of ice. On this basis the 
relative time of freezing 6 in. and 11-in. blocks would be as 36 is to 
121, or, allowing 50 hours for the latter, the former should fi-eeze in 
14'9 hours. 

In 1885 Carl Linde patented an invention designed to overcome 
the objection to having to remove the agitators when the freezing of 
the blocks of ice is nearly completed, by providing suitable means 
whereby a horizontal flow of water is determined tliroughout the 
wholb.depth of the mould from one end to the other during congelation 
by external mechanism. 



Fig. .348. —Arrangement of Freezing Tank on Can System, showing cause of 
Brine Foaming. 


The Foaming of Brine. 

Trouble is sometimes experienced with brine foaming when drawing 
the ice in plants on the can system. When this foam is thick it is 
liable to get into the cans when replaced in the ice-making tank and 
spoil the water for the purpose of ice-making. Foaming may be caused 
by too large a number of cans being drawn, from the ice-making tank 
together, arid the level of the brine therein consequently falling below 
that of the suction to the brine pump, thus allowing the ingrras of 
air. Fig. 348 shows the arrangement of piping in tank. 
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Thb Wall oe Plate System. 

In the plate or wall system Yrhich was invented by Twinitig ail4 
Samson in 1850-66, one or more hollow or cellular plates or 
walls of sheet or cast iron are hxed in a properly insulated tank, which 
contains the fresh water to be frozen, and a circulation of cold brine is 
kept up through these hollow plates or walls. The brine is either 
cooled in a brine-cooler or refrigerator by evaporating <;oils connected 
to the gas-pump or compressor, in the case of an ammonia compression 
machine, or to the absorber in an ammonia absorption machine, in the 
usual or ordinary manner; or the refrigerating toils may be placed 
within the hollow or cellular walls or plates themselves. In a short 



Fig. 349.—Box or Tank for Making Ico on th- Plato or Wall Rystom. 


time ice will begin to form on both sides of the plate, and layers of ice 
become gradually built up thereon. To remove these layers or slate 
of ice, the cold brine is withdrawn, and warm or tepid brme passed into 
the hollow or cellular plates or walls when the slate are melted or 

thawed off and detached therefrom. . 

In Fig. 349 is illustrated an improved ice-making tank or box m 
the wall or plate system, also designed by Pontifex and Woal. ^ 
construction and operation of an apparatus of this type h^ 
already briefly described at the commencement of this chapter. The 
hollow or cellular walls h, which are formed of “ 

will be seen from the drawing, fixed vertica ly to the 
ends of the tank A. The agitators o are similar m construction to th^ 
shown, in Fig. 246, and are reciprocated in a like manner. The cold 
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brine i.s circulated throu"!! the hollow ends and hollow or cellular walla, 
and .suitable cockn and connections are provided which admit, when the 
freezing i.s finished, of the cold brine being completely drained out of 
the hollow or cellular walls into the cold brine tank, and warm brine 
being intrwluced, by a small jiump, from a warm brine tank heated by 
a coil of pipes, so as to melt or thaw the ice slabs off the walls or plates 
and leave them readj' for removal. 

The hollow or cellular walls arc, moreover, so constructed as not 
to reach quite to the bottom of the ice-making tank, and in this space 
all the impurities voided by the water settle. The freezing is gene¬ 
rally continued until the slabs of ice extend to within a quarter of an 
inch of the blades of the. agitators, when the cold brine is shut off and 
turned on to another tank from which the ice has been just removed. 

The agitators are lifted out, and the slabs of ice, which when melted 
off the walls or plates are generally 14 ft. in length, 3 ft. in depth, and 
from C to 10 in. in thickness, are sawn into convenient lengths, and 
raised friiin the surplus water in the ice-making tank, in which they 
remained floating, by means of an overhead traveller, by which they 
are deposited, either directly into a cai’t for removal, or upon a plat¬ 
form from which they are dragged or otherwise delivered inter the ice 
store. When the slabs are detached from the walls or plate.s, the hot 
brine i.s shut off and completely drained out of the latter, the water 
again filled up to the usual level, the agitators are replaced, and the 
circulation of cold brine is again turned on. 

The water must be entirely run out of the tank about once every 
week, and the sediment and dirt at the bottom thoroughly cleared out. 

The most recent method adopted by the Pulsometer Engineering 
Co., Ltd., is an arrangement for the production of ice on the direct 
expansion system. In this the freezing coils are covered by two plates 
immersed in the water to be frozen, the liquid ammonia is allowed to 
exjiand in the freezing coils, and the ice is formed on the surfaces of 
the plates. The releasing or thawing-off of the ice is effected by allowing 
the hot ga.s from the condenser to flow into the coils. The ice produced 
by this system is generally 8 in. thick and 8 ft. by 6 ft., but can ea'sily 
be made up to blocks 17 in. by 8 ft. by C ft. 

The quality of the ice produced by this latter method is said by the 
makers to more nearly resemble the finest quality of Norway ice than 
anything else yet prixlucod, and owing to there only being one transfer 
of heat the economy is increased. 

This system of pipes, valves, and receivers is made of wrought iron 
or wrought steel, no east iron or,cast steel being employed on Mcount 



ICE-MAKING. 


495 


of the danger involved by the use of these materials. The pipe joints 
arc of an improved type, being remarkably simple and perfectly gas- 
tight. With the object of getting over the trouble caused by coil 
condensers and refrigerators becoming blocked with oil, an arrangement 
is provided whereby the oil can easily and corbiinly withdrawn from 
the machine, thus keeping the coils clean. 

An apparatus for making ii^c on this system, invented by Mr .1. H. 
Laureuson and Mr W. T. Thorne, consists in so dispo.sing and arrang¬ 
ing the slabs within a tank crmtaining the water to Ix! frozen that 
when the refrigerant is circulated therethrough the water between 
adjacent slabs is frozen into complete blocks, instead of the ice being 
formed into blocks about and around (he heat-exchanging units from 
which, after being thawed off, the blacks have had to be disengaged by 
“ barring,” the joints of the units being apt to be damaged in this 
operation and the appearance and keeping qualities of the blocks not 
teing so goo<l by reason of the holes left therein. Means are also 
provided in this invention for causing an air agitation of the water 
between the slabs and for .so arranging the trunk and branch connect¬ 
ing pipes for the refrigerant medium to the slabs that the medium 
may cither be circulabxl from the compressor through tho condenser 
and slabs back to the compressor suction for freezing, or alternatively 
direct from the compres.sor outlet by a reversed flow through the slabs 
and back to the compressor suction for thawing off; or again, the 
medium after passing direct from the compressor and being reversed 
through one or more slabs for thawing may be short-circuited direct 
to the normal freezing inhits of other slabs and expanded therethrough 
for freezing before finally passing to the compressor. 

Tl\e ice generally made by this class of apparatus is of very 
superior quality, being of great purity, and of a most attractive, 
brilliant, clear appearance, and it is in great demand for use in 
restaurants, clubs, &c., fetching a higher price than other makes. 

There are, however, certain drawbacks to its use, the principal one 
of which is that the ice cannot be obtained in blocks of uniform size 
and weight without ah expenditure of considerable labour in cutting 
them into shape. In case of any necessity for repairs arising, more¬ 
over, the whole of one of the ice-making tanks or boxes has to Ire 
shut off, and is thrown out of use. The plate or wall system, besides, 
is necessarily very slow, from tho fact of the freezing process going 
on on one side only, instead of from four opposite sides conjointly, 
as in the can system, wherein the four surfaces, growing gradually 
together in the centre, finally unjtj into a solid block of ice the 
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width of the can. If, therefore, a slab or block of ice of an equal 
thickness is to be formed on a plate or wall congealing only from one 
side, the time occupied in freezing it will be quadrupled. To ensure 
the quality of the product, moreover, care must be taken to use pure 
water. Mr F. E. Matthews, dealing with this subject in Power of 
New York, says that the principal inorganic impurities to be guarded 
against are the salts of iron which give a reddish discoloration, and 
the carbonates and sulphates of lime and magnesia which produce 
a slight cloudiness. Unless large quantities of magnesium carbonate 
or carbonate of iron are present the effects of these impurities, as 
well as that of air, can be overcome by increased agitation. .In the 
ca.se of carbonates of either magnesia or iron, increased air agitation 
may tend to increase the discoloration through the hydrating of the 
former and the oxidising of the latter. This difficulty may be over¬ 
come, however, by the substitution of mechanical for air agitation. 

The adyantages over the can system may be enumerated as 
follows :~The ice made is, as above mentioned, of a very superior 
quality. The liability of any of the agitator blades becoming frozen 
in and broken off is very slight. Only the ice itself having to be 
handled, the weight to be manipulated is considerably reduced. The 
ice-making tanks can be shut off when the ice is finished, and left until 
it is convenient to remove the ice, thus admitting of night-shifts of 
labourers being dispensed with. Owing to there being no parts, like 
the movable cans or moulds, liable to rapid deterioration, less expendi¬ 
ture on repairs is required. No possibility exists of the brine solution 
being weakened by the accidental spilling of water into it, as in the 
former system. 

Thk Stationabt Cell System. 

Transparent ice is also formed in deep cells provided with agitators. 
In the latter case, a number of cellular or hollow walls of wrought or 
cast iron are fixed in a suitably insulated tank or cistern, the water 
to be frozen being placed between these walls and the refrigerated 
brine cyculatod through the hollow walls of the cells therein. The ice 
gradually forms on the outside, and increases in thickness until the 
two opposite layers meet and join, but the freezing may be stopped 
at any time and the ice removed. This latler operation can be very 
ocBJveniently effected by passing brine at a higher temperature through 
the cells. 

The stationary cell system,^ when employed to make clear or 
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transparent ice without agitation, or using water that has been 
deprived of'its air, consists of a number of shallow pan-shaped cells 
having hollow walls, through which a circulation of cold brine is kept 
up. The ice i.s removed therefi'om as in the plate or wall system. 

Thu plan wherein stationary cells ar-o employed consists in the 
provision of fixed or stationary shallow pans or moulds having hollow 
walls, the intervening .spaces being open at the top. These cells or 
moulds are filled with water, and a circulation of cold brine i.s passed 
through the hollow walls and the water frozen, after which the 
cold brine is stopped off and completely drained out of the hollow 
walls, and warm brine is cau.sud to circulate therethrough, melting 
or thawing off and loosening the blocks, which can then be easily 
removed from the cells or moulds, which are then refilled and the 
operation repeated. In this system an entiri tank has to be emptied 
at once, as in the plate or wall .system; therefore, in order to make 
the operation continuous, at least two tanas must be provided. 

If the cells are constructed deep in proportion to their width, that 
is to say, substantially similar in form to the moulds or cases used in 
the can system, then the freezing or congealing of the water will be 
as rapid as in the latter, but agitation, de-aerated water, or other means 
will have to be >ised if crystal ice is required. If, however, they are 
made shallow, and pan shaped, then the freezing being almost entirely 
done from the bottom will be extremely slow, as it is in the plate or 
wall system, where the formation of ice is also effected upon one 
side only. 

The advantage of forming the cells shallow is that clear transpai-ent 
crystal ice can be made in them without agitation or using water for 
freezing that has been de-aerated or deprived of its air. The .slowness 
of freezing is, however, on the other hand, a great drawback, and is 
the chief objection to the use of the shallow stationary cell system; 
as the congelation of a block of ice on this plan, of equal thickness 
to one formed in a deep can or mould or in a deep stationary cell, 
takes about four tiroes as long, it is evident that the apparatus 
requisite for an equal output must become cumbersome and expensive. 

Fig. 350 is a perspective view showing a Pontifex-Wood patent cell 
ice-making tank or box, the main novel feature in which is the arrange¬ 
ment of the agitators externally to the spaces where the blocks or slabs 
of ice are formed. The apparatus consists in a tank A, with a gal¬ 
vanised wrought-iron hollow or double bottom, two galvanised cast- 
iron hoUow cross walls or partitions i, and a number of short galvanised 
cast-ircyi longitudinal hollow walls J, iixed at right angles to the cross 
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wallb, and so that there is a space or clearance left between their 
adjacent ends in the middle of the tank, and between the other ends 
and the extremities of the tank, in which open spaces are placed the 
agitators o. The movements of the latter give an impulse to the 
water, causing it to rush in waves between the longitudinal walls and 
wash out all the impurities thrown off or voided by the water during 
the freezing process, which impurities settle at the bottom of the o^n 
spaces. In this arrangement the two layens of ice, gradually growing 
in thickness between each two longitudinal walls, at last meet and 
freeze together, so as to form a solid block or slab of ice of a given 
size and weight. 

To remove the blocks of ice they are first loosened or melted off 



Fig. 3 . 5 ().—Pontifex-Woofl Cell Ice-making Tank or Box. 


in a similar manner to that employed in the ordinary plate or wall 
system, after which they are gently started away from the cross walls 
to enable the ice'grips to grasp each end, or have loops frozen in, and 
are then lifted out by an overhead traveller in the usual way. 

The only ones of the hereinbefore-mentioned objections to which 
this arrangement seems open are that when an ice-making tank or box 
Is in need of any repaira it has to be completely shut off, and the capa¬ 
city of the apparatus is thus reduced for the time being, and, owing 
to the space occupied by the agitators being lost for ice-making , 
purposes, the size of the apparatus required for a given output has , 

naturally to be somewhat increased. m, f 

The advantages claimed by. the inventors are as followsEie 
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blocks of ice are produced of a uniforra size and weight, and are 
convenient to manipulate, load, and pack. The ice is of superior 
purity and appearance, and the slabs are of great thickness and 
durability.. There is no liability to breakage of any of the blades of 
the agitators. There are no ciuis or moulds to handle or repair. The 
walls are fixed, and the general arrangement is of very great strength 
and practically indestructible. Only the actual ice itself has to be 
handled, therefore less weight has to be moved in comparison with the 
can system. No cutting up and consequent waste or weighing of the 
ice is required, a.s in the wall or plate system. When an ice tank or 
box is finished, it can be shut olf by simply turning the cocks and left 
till it is convenient to remove the ice. Thus all the tanks or boxes 
can be sot so as to be completed during the day, and no night-shift of 
labourers is lequired. And, finally, the water cannot spill into the 
brine and weaken it, as it does in the can system, unless considerable 
care be exorcised. 

The sizes of the blocks of ice made in these boxes run from 3 ft. 
6 in. by 3 ft. <! in. by 0 in. in thickness up to 3 ft. 6 in. by 3 ft. 6 in. 
by 1 ft. 9 in. in thickness, and the weight likewise varies in a corie- 
sponding ratio from about 4| cwt. up to lOJ cwt. each. Very 
thick blocks are not, however, found to be commercially successful, 
inasmuch as they take too long a time to freeze or congeal. 

Where clear ice is required in blocks of, say, 5 cwt., the Pulsometer 
Engineering Co., Ltd., use a special form of tank, composed of hollow 
cells forming squares the size of the blocks required, the water in 
which is agitated during freezing. ■ The result is a block of ice almost 
perfectly clear and weighing about 5 cwt. 

As in the ordinary wall or plate system, every plant working with 
the above-described ice-making tanks or boxes, in order to render the 
process continuous, must have a set comprising two or more of the 
latter. Thus a 4-ton plant has two boxes, a 6-ton three boxes, a 9-ton 
three boxes, a 15-ton either three or four boxes, and a 24-ton either 
six or eight boxes. , . 


Miscellaneous' Akuanubments fok Makinu Clear oh Crystal 
Ice by Agitation. 

Hill’s method of making clear or ciystal ice (British Patent No. 
16253 of 1889) is shown in Figs. 351 and 352, which represent respec¬ 
tively a plan of the ice-making tank or box partly in horizontal section 
and with the lid or cover removed, and a vertical section on the line 
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x-x of the previous figure. The apparatus comprisos a vessel or tank 
p, whieh is provided with a lid or cover (Fig. 352), and with a jacket 
or casing y, the intervening space between the jacket or casing and 
the tank P lasing filled with any suitable non-conducting material as 
at When clear ice is to be made, the liquid to be frozen is con- 



Fig. 351.—Hill's MetluKl of Making Clear oi' Crystal Icc. lian of Ikav or Tank. 


tinuously circulated in the vessel or tiuik p by means of a rotating 
screw K or other suitable device. Into the vessel or tank p project 
freezing' vessels or chambers s, so that the water in tlie vessel or tank 
p will be frozen on the exterior of the chambers s, and the hollow 



Fig. •6,52.—Hill’s Method of Making Clear or Crystal Ice. Transverse .Section 
on line x-x, Fig. 351. 

blocks of ifte thus formed can l)e very readily removed therefrom. For 
this latter purpose the chambers s are made slightly conical or taper 
from their outer to their inner ends, and rings s' are fitted loosely» 
thereon to further facilitate the removal of the hollow blocks of ice. 
Either the direct mqjansion or brine circulation may be used % freez- 
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ing purposes. In the first case the liquid ammonia is forced into tho 
chambers s through a pipe and is then allowed to expand and return 
to tho absorber of an absorption machine, the weak liquor, which can¬ 
not be vaporised without the application of heat, being allowed to 
return to tlu^ ammonia Ixuler through a pipi^ ,s“. In the swond case 
brine reduc<‘<l to a very low temperature by any suitable process is 


X' 



Fig. Mridified Arrangement of HilFR McUkmI of Making Clear or Crystal 
L-e. Horizontal Section. 



caused to circulate through the chambers s for tho further purpo.se of 
freezing tho water on the exterior thereof. 

To ensure the proper circulation of the water to be frozen in the 
ves.sel or tank p, partitions t are provided in the latter, which are so 
arranged that they can be readily removed to permit the withdrawal of 
the hcSlciw blocks of ice from the chambers s. 
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In another arrangement, shown in horizontal section in Fig. 3.53 
and in vertical transverse section on the line x'-x' of the latter in Fig. 
354, a series of the freezing cliambers s at each side of the tank p are 
provided, leaving a space Iwtween them of slightly greater length than 
the blocks of ice to be produced, so that the blocks from one series 
of chambers can be first removed and then those from the other series, 
and space in the ice box or tank is thus economised. Several rows or 
series of the freezing chambers placed one above another in the freezing 
or ice vessel or tank may be employed as shown in Fig. 354. 

Figs. 355 and 356 show in plan and elevation the Haslam patent 
air agitation ice-making plant. A is an air compressor of the water 
displacement type which works without oil or lubricant, and partly 
cools the air during compression, n is a surface cooler further cooled 
by water round-the tubes, c are similar coolers using brine as the 
cooling medium, by means of which the air is cooled almost to the 
temperaturS of the brine in the ice tank. The cooling causes the 
moisture in the air to condense on the surfaces, and this avoids freezing 
up the pipes which conduct air to the ice moulds or cans, d is a small 
pump for circulating brine through the coolers c. The moisture in the 
air is deposited on the cooler tube,s, making a formation of hoar frost. 
This would, in time, cause an obstruction to the passage of the air, but 
by a simple arrangement of change over valves the coolers o are used 
alternately, so that one cooler is thawing ofif whilst the other is in use 
for finally cooling the air. The cold dry air enters at the bottom of the 
cans by a specially constructed nozzle, and this produces the desired 
agitation of the water to be frozen, e represents the ice-making tank 
yrith its cooling coils and moulds, p is a tank containing tepid water 
into which the ice moulds are dipped in order to free the blocks, and 
0 is the can tip for discharging the ice on to the platform. The ice 
cans are lifted out a row at a time by an overhead travelling crane! 
When a row of cans is filled with water and placed in the tank, all 
that has to be done is to connect a rubber hose with the main and 
open the air valves. 

An "apparatus for making transparent ice, invented by Mr R. 3. 
Berryman, Washington, U.S., consists in a tank having receptacles 
partly submerged in a fluid cooled by refrigerating pipes or hollow 
plates. The freezing action is stopped before the water is completely 
fixMen, and the receptacles are subjected to the action of a thawing 
medium without being removed. Air or ozone is discharged in jets 
from pipes arranged longitudinally in the containers so that the inside 
faces of the plates of ice are straight and parallel. The .unfrozen 
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In another arrangement, shown in horizontal section in Fig. 3.53 
and in vertical transverse section on the line x'-x' of the latter in Fig. 
354, a series of the freezing cliambers s at each side of the tank p are 
provided, leaving a space Iwtween them of slightly greater length than 
the blocks of ice to be produced, so that the blocks from one series 
of chambers can be first removed and then those from the other series, 
and space in the ice box or tank is thus economised. Several rows or 
series of the freezing chambers placed one above another in the freezing 
or ice vessel or tank may be employed as shown in Fig. 354. 

Figs. 355 and 356 show in plan and elevation the Haslam patent 
air agitation ice-making plant. A is an air compressor of the water 
displacement type which works without oil or lubricant, and partly 
cools the air during compression, n is a surface cooler further cooled 
by water round-the tubes, c are similar coolers using brine as the 
cooling medium, by means of which the air is cooled almost to the 
temperaturS of the brine in the ice tank. The cooling causes the 
moisture in the air to condense on the surfaces, and this avoids freezing 
up the pipes which conduct air to the ice moulds or cans, d is a small 
pump for circulating brine through the coolers c. The moisture in the 
air is deposited on the cooler tube,s, making a formation of hoar frost. 
This would, in time, cause an obstruction to the passage of the air, but 
by a simple arrangement of change over valves the coolers o are used 
alternately, so that one cooler is thawing ofif whilst the other is in use 
for finally cooling the air. The cold dry air enters at the bottom of the 
cans by a specially constructed nozzle, and this produces the desired 
agitation of the water to be frozen, e represents the ice-making tank 
yrith its cooling coils and moulds, p is a tank containing tepid water 
into which the ice moulds are dipped in order to free the blocks, and 
0 is the can tip for discharging the ice on to the platform. The ice 
cans are lifted out a row at a time by an overhead travelling crane! 
When a row of cans is filled with water and placed in the tank, all 
that has to be done is to connect a rubber hose with the main and 
open the air valves. 

An "apparatus for making transparent ice, invented by Mr R. 3. 
Berryman, Washington, U.S., consists in a tank having receptacles 
partly submerged in a fluid cooled by refrigerating pipes or hollow 
plates. The freezing action is stopped before the water is completely 
fixMen, and the receptacles are subjected to the action of a thawing 
medium without being removed. Air or ozone is discharged in jets 
from pipes arranged longitudinally in the containers so that the inside 
faces of the plates of ice are straight and parallel. The .unfrozen 
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the necessajy directions, shields or guards o Vx'ing fixed nhove the 
water level to prevent the lattiT from splashing out of the can or 
mould B. 

In the'illustration the pump N is shown arranged vertically, hut 
it can also be fixed to work horizontally. 

The second arrangement of pump agitator illustrated in Fig. S.'jS 
has the refrigerating tanks placed in series in such a manner that the 
brine can pass from one to the other through the pas.sagcs provided 
for that purpo,se. The pump n is sliown at the right-hand side of the 
figure, and consists of a barrel and plunger or piston worked off a 
crank. The water is forced by this pump at each downward stroke 
of the plunger along a channel or pas.sage beneath the moulds or cans 
n, and passes up the latter through holes or apertures B, provided in 
their bottoms. 



fig. .S.'iR—Arrangement lor Agiution of Water m fixed Ice Cana by means of a 
Tlunger or Piston Pump. Vertioal Longitudinal Roction. 

On the completion of the congelation of the water in the moulds, 
the (X)ld brine is drawn off from the tank, and warm water or air 
is introduced through .suitable pipes, .so as to tliaw off the blocks 
of ice, and admit of their withdrawal. The moulds or cans are con¬ 
nected together by tie-bars, and a numlier of them are arranged in 
one frame. ' 

] n another arrangement shown in Fig. 360, in which the water in 
removable moulds*or cans is agitated by the action of pumps, the 
moulds B, which are of thin sheet metal, and arranged transversely 
in a brine tank A, are each divided by a non conducting partition into 
two compartments communicating through suitable openings. The 
larger of these compartments is that in which the water is frozen, the 
smaller one forms a pump barrel N, and in it a piston or plunger 
is reoipjocated. The plunger rods'are coupled to a bar arranged 
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longitudinally, its ends working between suitable guides, .and an up- 
and-down motion is imparted to it from a rocking shaft q. 

Figs. 361, 362, and 363 illustrate types of pump or piston agitators, 
in which the water in the tanka themselves is intended to l)e frozen, no 
separate ice cans or moulds being employed. In the flr.st arrangement 
(Fig. 361) the tank a, containing the water to be frozen, is fitted with a 
second bottom as broad as the tank, hut with a clearance, as shown 
in the illu.stration, which represents a longitudinal vertical section 
through it at each end. In the clearance between the two bottoms of 
the tank is mounted an agitator r, as broad as the tank a, and to 
which reciprocating motion is impai-t(id by connecting-rods from cranks 
on a rocking shaft Q. The freezing is eff(wte<l by narrow longitudinal 



Fig. .360.—Arrangoment for 
Agitation of Water in Remov¬ 
able lee Cans or Moulds by 
means of Plunger Pumps. 
Transverse Section. 



Pig. .361.—Arrangement for Agitation of 
Water to be frozen in leo-making Tank or 
Box by Long Horizontal Agitator. Trans¬ 
verse Section. 


brine cells .i', suspended from the edges of the tank at their upper 
ends, and resting on the second or false bottom at their lower ends. 

These brine cells are alternately connected at the ends through unions, 
or tubes, in such a manner as to admit of the brine being passed 
through' the whole series, a four-vzay cock supplying or withdrawing i.t 
in either direction to other tanka or to the refrigerator. 

Steam can be passed through the cells to admit of their removal 
after freezing is completed. , ! 

' In the arrangements shown in Figs. 362 and 363, pump chambers ^ ' 
K, and plungers or pistons n', are employed, that in the first being V' 
arranged vertically at the side, and that in the second horizontally 
teneath the tank a. The plunger or piston-rod is so mounted* as to , i ;; ■ 
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have a certain movement in the plunger or piston, so that, on the 
up or backward stroke of the latter, it will operate to open a valve and 
admit of the water passing through, whilst on the downward or forward 
stroke it w'ill, on the contrary, close the valve so that the water will he 
driven through the openings. In this arrangement it will be seen that 
the water is only driven in a downward or one direction, but it can be 
also so arranged as to drive it in an upward or in both directions. The 
piston or plunger-rods in both arrangements are operated by bell crank 
levers s. Several of the above cuts are reproduced from articles by 
the author which appeared in Modern Machinery, of Chicago. 


s 



Fig. Arrange¬ 

ment for Agitation of 
Water fto be frozen in 
loe-making Tank or Box 
by moans of Vertical 
Plunger Pump. Trans¬ 
verse Section. 



Fig. 363.—Arrangement for 
Agitation of Water to be frozen 
in Ice-making Tank or Box by 
means of Horizontal Plunger 
Pump. "^Transverse Section. 


Mr T B Lightfoot designed and patented in 188.5 a combined 
refrigerating and ice tank in which the cans or moulds are arranged 
between coils or pipes, through which a vaporised freezing medium is 
caused to circulate, the moulds or cans and pipes being surrounded 
by brine or other uncongealable fluid not mechanically circulated. 


The Holben System op IcF.-MAKiifG. 

A system of icte-makiug which is used to a considerable extent 
in the United States is that invented by Mr D. L. Holden (who may 
be said to be one of the pioneers of the ice-making indu^y in that 
country), which he terms the ‘‘regealed ice machine.” Tie method 
of prii^ure is substantially as follows :-The cold is obtained by 
the expansion of the liquid ammonia. Centrally, in a water tank ot 
reservSir, is located a horizontal metal cylinder, the extremities df 
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longitudinally, its ends working between suitable guides, .and an up- 
and-down motion is imparted to it from a rocking shaft q. 

Figs. 361, 362, and 363 illustrate types of pump or piston agitators, 
in which the water in the tanka themselves is intended to l)e frozen, no 
separate ice cans or moulds being employed. In the flr.st arrangement 
(Fig. 361) the tank a, containing the water to be frozen, is fitted with a 
second bottom as broad as the tank, hut with a clearance, as shown 
in the illu.stration, which represents a longitudinal vertical section 
through it at each end. In the clearance between the two bottoms of 
the tank is mounted an agitator r, as broad as the tank a, and to 
which reciprocating motion is impai-t(id by connecting-rods from cranks 
on a rocking shaft Q. The freezing is eff(wte<l by narrow longitudinal 
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able lee Cans or Moulds by 
means of Plunger Pumps. 
Transverse Section. 
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Box by Long Horizontal Agitator. Trans¬ 
verse Section. 


brine cells .i', suspended from the edges of the tank at their upper 
ends, and resting on the second or false bottom at their lower ends. 

These brine cells are alternately connected at the ends through unions, 
or tubes, in such a manner as to admit of the brine being passed 
through' the whole series, a four-vzay cock supplying or withdrawing i.t 
in either direction to other tanka or to the refrigerator. 

Steam can be passed through the cells to admit of their removal 
after freezing is completed. , ! 

' In the arrangements shown in Figs. 362 and 363, pump chambers ^ ' 
K, and plungers or pistons n', are employed, that in the first being V' 
arranged vertically at the side, and that in the second horizontally 
teneath the tank a. The plunger or piston-rod is so mounted* as to , i ;; ■ 
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engiiK! cyliiidci', it must 1 k‘ dopiived of this before being thus used. 
This is very easily aeeomplished by passing the exhaust steam through 
steam-filters of very simple construction, and after the steam has lieon 
thus filtered it is condensed, and the resultant water is again thoroughly 
filtered so as to as completely as possible deodori.se it. The can ice 
produced from this de-aerated or air-freed water still contains a very 
thin stratum or core of porous icc in the centre, but it is insignificant 
and not sufficient to injure the appearance of the blocks to any appre¬ 
ciable extent. 




Kig. IfUu. - Ahu’tieal Soutioii. 

Oil Separalor and Ooudeusud Water-Cooler, Triumph lee Muohiiic Co. 

The Klein oil .separator or collector consists of a number of dished 
perforated plates set zigzag fashion in a cylindrical or a rectangular 
casing. The Triumph Ice Machine Co.’s oil separator and condenser 
■water cooler is shown in plan and vertical section in Figs. 364 and 365. 
The distilled water runs round one channel, formed with corrugated 
walls, whilst the cool water passes in the opposite direction. This 
corrugated construction gives a very large amount of cooling surface 
whilst 'iccupying a comparatively small casing. 

Fi^. 366 is a diagrammatical viey showing an apparatus employed 
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by the Trick Company for making distilled water from the exhaust 
steam from the driving engine. 

Another method of utilising the exhaust or waste steam for de¬ 
aerating or producing water freed of its air by employing it for the 
evaporation or distillation of other water in a suitable still or apparatus, 
as, for example, a triple-effect distilling apparatus, or in a single-effect, 
or, for very large plants, a multiple-effect evaporator of the Yaryan 
type. 

The operation of the ordinary type of triple effect is shown in the 
diagram. Fig. 367. 

The triple effect, which is a modification of a vacuum pan, or rither 
a modified arrangement of vacuum pans, is the invention of Mr Rilleux, 
a Franch gentleman, and was primarily intended foi' use in factories 
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Fig. .S8ti.—Apiaratus for Making Distilled Water from Kxhaust Steam. Frick 
Company. Diagrammatical View. 

making beetroot sugar. Doubje-effect apparatus of this type is also 
constructed, and in some instances the number of effects is increased 
to four (quadruple effects), which is the usual limit in this system. 

In the diagram) a, a', a^ indicate the three pans or vessels forming 
the effects, in the upper parts of which are spaces to receive the steam 
or vapour evaporated, and the lower part of each pan or vessel bei?g 
fitted with two tube plates or diaphragms, which are set with suitable 
tabes c, to allow the water to be evaporated to obtain access and to 
circulate below the lower tube plate and above the upper tube plate; 
and the space between these tube plates and round the exterior of the 
tabes* constitutes the calandria or heating chamber b. 

The upper portion of the pan or vessel a is connected with the 
heating space or calandria of the pan or vessel A^, and the upper porticm 
of the,latter is conaeqted with the heating qiace or calandria of the 
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pan or vessel a"'* by moans of pipes E, fitted with safes or traps e’, and 
the upper portion of the pan or vessel A* is connected through the pipe 
E with a condenser. 

The lower or water spaces of the pans or effects are connected 
together by pipes F. 

The calandria of the pan or vessel A is heated by either waste steam 
or of live .steam delivered through the pipe 0, whilst the steam or 
vapour evaporated from the water in the pan or ve.ssel A is employed to 
heat the calandria of the pan or vessel a', and that from the latter the 
calandria of the pan or vessel a'-*, the shiam or vapour evaporated from 
the water in the latter passing to the condenser thinugh the pipe E. 



Fig. 367.—Diagram Illustrating Operation of Triple-Effect Evaporating 
Apparatus. 


It will thus be .seen that the second effect or pan forms a condenser 
to the first, and the third a condenser to the second, the third being 
in connection with a surface condenser, which may Iw employed to heat 
the feed-water, and thus form a heat interchanger. 

The condensation water from the calandria of the first pan or 
effect A is delivered by the steam pressure into a hot well, that from 
til? calandrias of the second and third pans, as well as that from the 
surface condenser connected with the latter, "is delivered by suitable ■ 
pumps into the distilled-water receiver, h is a pipe for charging 
the apparatus with the water to be distilled or evaporated, i is a pipe 
(^nnectad by branches to a well in the bottom of each pan. i, is a 

" 0 * 
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pipe coiiiiectiug the upper part of the heating space of tlie calandria 
n of the second pan a’ with that of the third pan a', oi-is a pipe by 
w'hich the water resulting frojii condensation in the calandria n of the 
first pan a is discharged into a liot well ; and 1 .' are pipes by which 
the coiulensation water from the calandrias li of the pans A* and is 
dclivei'od to the distilled-water receiver. J,- is a pipe for I'emoving the 
excess of vapoui' fmm the calandria is of the third pau A'^. 

The vacuums maintained in the three vessels or eflects a, a*, a'-^ 
will be respectively about 4 in , 11 in , and 24 in., and the tempera¬ 
tures, taking the vessels or effects in the like order, will be about 
200°, 180", and 1.10“ Fahr. 

It will be seen that the economy of the tri])le-eftect apparatu.s 
is duo to the fact of its being largely self-heating, as the calandria 
of the first vessel or effect is the only one heated by extraneous moans, 
the calandria of the .second effect being heated by the latent heat 
of the steam or vapour from the boiling water in the first effect, and 
the third effect being heated from that of the second effect. Thus, 
neglecting the loss of heat due to radiation, a double effect is twice, 
and a triple effect is throe times, as economical in steam consumption 
for heating purposes as a single effect. 

The Haslam <listilling apparatus is coustruchid upon the, triple- 
effect principle, and comprises a fir.st boiling pan, a second boiling pan, 
a condenser, a feed-water heater, and a dtstilled-water receiving tank 
or vessel. When no exhaust or waste steam is available the plant also 
includes a suitable steam boiler. 

Fig. 3C8 is a perspective view, partly in section, illustrating a 
complete single-effect distilling apparatus of the Yaryan type, which 
is made in various sizes, adapted to produce from 3 tons to 48 tons 
of distilled water per twenty-four hour's. The apparatus consists 
essentially of a cylindrical evaporator, having a horizotital body or 
shell of wrought-iron, with a separator similarly constructed at one 
end, and a number of straight, solid-drawn tubes (according to the 
capacity of tire machine) so fixed in tube plates provided at both epds 
of the shell or body as to be capable of being readily withdrawn when 
necessary for cleaning purposes. These tubes are connected at their 
ends by return heads, so as to throw them into sets or series, thus 
practically forming coils of pipe of any desifed length. The water* to 
be distilled is passed through these coils or sets of pipes, the exhaust 
steam being admitted to the space round them, and the steam or 
vt^our from the evaporating coils passes through the separating 

chamber, which is fitted with baffle or check plates, one of which is 

• * 
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shown in tho drawing, to the condenser, which latter also forms an 
interohangdr and heats the water to be distilled. 



The distinctive feature of this system is film evaporation, that is, 
the blowing of the whole mass of the liquid to be evaporated into spray, 

• -9 
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and its rapid motion through the sets or series of tubes during the 
process. This latter point is of great importance, and is the chief 
reason of the great efficiency of this type of apparatus. The result is 
due to the fact that there is a very considerable gain in absorption of 
heat by the liquid under treatment as its velocity increases, owing to 
the fact that new particles of the liquid are being constantly brought 
into contact with the heated surfaces, and naturally the more rapid its 
motion over the latter the more frequently will this occur. 

When in operation there will be a vacuum of from 12 in. to 15 in. 
in the separator, and the .steam pressure in the evaporator should be 
about 15 lbs. per square inch; the tatter may, however, be incrpased to 
about 40 lbs. per square inch. 

The feed taken from the circulating discharge is u.sually drawn 
into the tubes by reason of the vacuum in the separator. If, however, 
condensation is carried out at atmospheric pressure, it is forced in 
owing tp the head of water due to the height of the circulating dis¬ 
charge or to a loaded valve. 

The advantages of a triple-effeet or an apparatus of this type for 
producing pure distilled water for ice-making, are obvious, inasmuch as 
it admits of its being obtained free from the slightest trace of oil by 
the use of exhaust or waste steam only, and that without any necessity 
for filtering. The dispensing with filtering is of some importance, as 
each time the distilled water is passed through a new filter it takes up 
a considerable quantity of air, and consequently until all the air has 
become expelled from the filter the water is in no way superior to 
ordinary undistilled water, and the ice made from it is opaque and 
porous. The condensed exhaust steam, after having performed its 
duty in the evaporator, may be either run into a hot-well to be used for 
boiler-feeding purposes, or ib may be run to waste. 

Fig. 369 illustrates one of the Mirrlees, Watson, ifc Yaryan Co.’s 
larger forms of'distilling apparatus, which is suitable for installations 
turning out considerable quantities of ice per twenty-four hours. As 
will be seen from the drawing it is a sextuple or six-effect apparatus. 
On ,the right are situated the air, circulating, brine, fresh water, and 
feed pumps, which are all driven off one engine, and are, with the 
latter, the only moving parts. Next is placed the distilling condenser 
(between, two heaters in which the feed-watet becomes partially heated 
dh its way to the evaporator); and, finally, on the left, six separators 
placed in a vertical column, with the corresponding six effects arranged 
hOTizontally in the rear. 

'In operation there will be a pressure of from 40 to 60 lbs. in tl» 
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first effect, and a vacuum of about 27 in. in the distilling ^ndense^ 

the apparatus being so proportioned that this 

will distribute itself automatically between the several effects. Th 
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Fig. .m-Cornplete Rextuple-Effeot Distilling Apparatus on the Yaryan System. 

feed for the evaporator being taken from the circulating water of 
the distilling condenser, a certain amount of heat, which would oth«- 
wise he rejected, is utilised at the very.crnnmencement of the operation. 
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and the efficiency of the apparatus is further increased and heat econo¬ 
mised by a multiple-effect system of heating the feed befhre reaching 
the evaporating vessel. The first stage of heating the feed referred to 
is effected by exposing it to the vapour ^iven off by the water evapo¬ 
rated in the last effect while this vapour is on its way to the distilling 
condenser, and then to the vapour from the several effects constituting 
the evaporating apparatus, until it receives its final increment of heat 
from the steam employed to heat the first effect, into which the fe.ed 
enters at or about the boiling-point of that effect. 

The feed entering the first, passes down through all the effects of 
the apparatus. The water resulting from the condensation which takes 
place on the different heating surfaces, together with that from the 
last effect, being eventually delivered as cold distilled water. Usually 
the water resulting from the condensation of the steam employed to 
heat the first effect is separated from that produced in the remainder 
of the 'apparatus, as being likely to be slightly contaminated, and is 
reserved for feeding the boiler supplying steam to the apparatus, pump¬ 
ing engine.s, &c. In the number of effects used in combination with 
the system of evaporating water in continuous motion depends the 
great economy of fuel which is obtained in apparatus of this type. The 
only labour required in connection with the apparatus is that for. .stoking 
the boilers, and the necessary attention to the feeding of these and to 
the working of the pumps. All parts of the apparatus are readily 
accessible, hinged doors at the end of each effect giving easy access to 
the interior of the.se for cleaning purposes when required. 

An exceedingly compact and efficient form of portable Yaryan 
distilling apparatus has also been designed by the same firm, which is 
entirely self-contained and, is easily movable, being mounted upon an 
independent carriage supported upon strong iron wheels. The appara¬ 
tus comprises two Yaryan evaporators arranged to work as a double 
effect, a distilling condenser in connection therewith, a suitable feed- 
water tank, a pump for feeding the water to be distilled through a 
heater into the first effect or vessel, and a tail or circulating pump for 
condensing the steam given off from the second effect or vessel in the 
distilling condenser. The steam required for working the apparatus 
is supplied from a portable boiler fitted with a donkey feed-pump, &c., 
and also mounted upon iron road wheels.- 

‘ The advantages of a portable distilling apparatus capable of being 
shifted with great facility from one source of water supply to another, 
or to any desired location in the works, are obvious. And the copi-' 
pgctnesB of the installation repders it very easily manageable, one 
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skilled attendant and a boy being suificient for a machine having a 
capacity to produce 85 gals, of pure fresh water per hour from strong 
brine averaging twice the demsity of ordinary sea water. Exhaustive 
tests proved mo.st conclusively that the efficiency of the plant was 
fully equal at the termination of each run to what it was at the com¬ 
mencement, which abundantly demon,strated the self-cleaning powers 
of the apparatus when treating water so strongly charged with salts. 
The evaporative duty was 4| lbs. of water per pound of common wood 
fuel; with coal, however, the duty would bo about double per pound 
of coal consumed, and naturally when treating impure water of less 
density than the brine, or comparatively pure water for de-aerating 
purposes, the amount of pure de-aeratod water obtained per pound of 
fuel consumed would be proportionately larger. 

In the case of a single-effect distilling apparatus the above fuel 
consumption would be doubled to produce tne same amount of distilled 
water, and the more effects that are employed up to a certain point the 
greater the economy, a six-effect apparatus being found capable of 
producing 3G lbs. of pui'o distilled water for each pound of fuel con¬ 
sumed, that amount being over and above what was evaporated in the 
boiler wbich wa.s retu'med to the latter. 

It is obviously, therefore, advisable, wherever the demand for the 
de-aeratod water warrants it, to employ a multiple-effect distilling 
apparatus.* 

In most factories however, the exhaust steam from tire engines 
will be available for use in the apparatus, and the expenditure on fuel 
for raising stearrr, specrally for use in the evaporator, will thus be saved. 

The evaporator should be opened every two or three weeks, and if 
scale is found on any of the tubes, these should be withdrawn and 
clean ones inserted in their place. The best means to employ for 
removing the scale from the tubes is to pass them over a slow fire, care, 
however, being takerr not to apply more heat than is necessary to bring 
off the scale. 


VAcncM System op Ice-Makino. 

The method of making ice without the use of either a priinary 
or secondary cooling agent, that is to say, by freezing the water in 
vacuo, has been already dealt with when describing the Carr4, Wind- 

* A detailed description of the larger forms of multiple-effect Yaryan 
evaporator with referouoe to their use for the evaporation and concentration of 
saccharine juices and solutions, will be found in a treatise on “Sugar Machinery” 
by the same author. 
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hausen, Harrison, and other vacuum machines. Briefly, the principle 
upon which they work is that if water be exposed in a pr^tically per¬ 
fect vacuum it is rapidly turned into vapour, and this change requiring 
a large quantity of heat which must be provided by the water itself, 
that portion of the water which is not vaporised becomes frozen solid. 
As already mentioned, however, the ice thus made is more in the form 
of granulated snow, and, being brittle, charged with air, and possessing 
no durability, it is practically of very little or no market value. 

Imitation of Natural System. 

In another system, wherein an imitation of the natural process is 
attempted, the water to be frozen is exposed in well-insulated rooms 
or chambers to a temperature far below freezing-point. This plan, 
however, is not found to answer commercially owing to the extreme 
slownes^ with which the freezing or congealing of the water is effected, 
by reason of the low specific heat of air and its poor capacity for con¬ 
duction, a fault which cannot be got over even by increasing the 
cooling surfaces of the rooms to an abnormal degree. 

IcB Factories. 

A factory for making ice consists of more or less solid buildings in 
accordance with the particular regulations of the locality, capital at 
command, itc. Fig. 370 shows an arrangement of the ice-tank or 
box-room, but in addition to this the factory will comprise a machine- 
room, boiler-room, ice store, oflices, loading platforms, &c. 

The arrangement shown in the drawing is intended for making 
ice on the can system, and the ice-boxes are precisely similar to those 
previously described. Above the ice-boxes is provided a travelling 
hoist or crane, by means of wliich the cans or moulds can be con¬ 
veniently raised one by one from the ice-boxes, when the water in 
the cans has been frozen, and transferred to the platform shown 
on the right-hand side of the drawing. On or beneath this platform 
are provided a suitable number of thawing or relieving tanks filleiJ with 
warm or tepid water at about 70° Fahr., and into this the can or 
mould is dipped for a few seconds, after which liie block of ice can 
be readily turned out on a tip-table, and the can or mould is again 
Med with water and returned into the brine-tank to recommence freez¬ 
ing. The ice blocks or cakes are in some instances turned out of th* 
cans or moulds at, or delivered to, the upper end of ah inclined plane 
or runway, down which tliey pass to the ioe-stora, or ante-o]^amber 
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leading thereto. The waste-water tanks, &c., are located beneath the 
ice-making tanks or boxes. 
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Pulsoneter Engineering Co., Ltd. The mechanism for raising the 
slabs or blocks of ice from the ice-tanks or boxes is clwrly shown 
in this illustration. 

Eigs. 372 to 374, 375 to 377, 378 to 380 are suggested, plans by 
the Prick Company for can-ice factories, respectively of the following 
capacities; 6 to 10 tons, 30 to 35 tons, and 100 tons. The arrange 
ment of these factories is explained by the writing upon the drawings. 
Figs. 381 and 382 is a plan of a model ice factory by the Triumph Ice 



Fig. 871.—Ice-Tank or Box-robm of Ice Factory on the Plate or Wall System, 
showing Mechanism for Raising Slabs or Blocks of Ice. 


Machine Co. Pigs. 383 and 384 show in plan and sectional elevation 
a 5-ton ice factory on the can system, designed by the Vulcan Iron 
Works. And Fig. 385 is a sectional elevation showing an ice factory 
on the “ Eclipse ” can system as constructed by the Frick Company. 
Those three drawings are also self-explanatory. 

i Ice Elevating and Conveying Machinbey. 

As has been already mentioned, numerous contrivances for mini¬ 
mising the work of handling the cans or moulds and the blocks of ice 
have been devised. 








ICE-MAKING. 


521 



SECTION THROUGH DISTILLING ROOM 


Figb. 572 to 374.—Frick Company Arrangement for Ice Factory of 6 to 10 Tons 
fliyiaeity. Plan, Sectional Side Elevation, and Transverse Section. 
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jtirr. 875 to 877.—Frick Company Arrangement for Ice Faotor^f 30 to 36 Ton* 
Oapaoity.. Sectional Side and End Elevations and Plan. ^ « 
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Puplett and Bigg’s patent of 1887 comprises an arrangement for 
facilitating the lifting of the cans or cases, and removing the ice This 
labour-saving contrivance consists in an apparatus for connecting two 
or more of the cans, moulds, or cases together, and comprises a frame 
which is provided with trunnions or gudgeons, so situated as to be 




slightly above the centre of gravity of the cans or moulds, At one 
end of each of these frames a quadrant, worm and worm-wheel, or some 
other convenient means are provided for enabling the frame and 
moolds therein to be inclined to any required angle. To admit of the 
fram^ .being raised from the ice-making tank or box by the overhead 
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traveller the latter is fitted with links adapted to engage with the 
above mentioned trunnions or gudgeons. The frame and moulds or 



cans being nearly balanced on their trunnions, the labour of discharg¬ 
ing the ice therefrom is greatly reduced, and the operation is moreover 
conSderably expedited. The (lujulrant or worm gearing is usually 
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BO arranged aa to engage with a auitable device fixed on to the links of 
the overhead traveller; but mechanical contrivances can be dispensed 
with and the frame containing the moulds tipped by hand, which 
operation^ owing, as above-mentioned, to its being almost balanced, 
(!an be so accomplished without any difficulty. 

Fig. 386 is a truck ice-can hoist for use with very small ice-making 
plants. Fig. 387 is a travelling crane, and geared hand-power ice-can 



Figs. .38.3 and .384. -Vulcan Iron Works Arrangement for a .3-ton Ice Factory 
on the Can .System. Plan and Sectional Elevation. 


hoist by means of which one man whilst on watch can take care of 
from ten to fifteen cans per hour. And Fig. 388 is an electric crane 
for use in connection with large installations, and which is capable 
of handling any desired number of cane. The above appliance is 
constructed by the Frick Company. 

Fig. 389 represents an automatic ice-dump made by the Triumph 
Ice Machine Co. The box is made of steel, reinforced by 






































526 REFRIGERATION AND COLD STUKAur.. 



fHg. 385._Ice Factory on the “ Eclipse ’> Can System, constructed by Frick Company. Sectional Elevation. 
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J in. by J in. iron. Thi! valve and shaft are bolted on this box with 
a heavy flange. The stands carry the bearings and box, and are bolted 
to a cast-iron waste box, there being no wood about the box to decay 
or give way. 

The operation of this dump is as follows, viz.;—^The box being in 
a vertical position to receive the can, the small lever at the bottom can 
be operated by the foot so as to give the dump a slight tilt toward 
the front, when the dump will go over slowly and turn on the warm 
water automatically, while same is turning down in position to dump 
the ice. The water strikes all sides and under the can. The valves 
are so regulated that the bottom of 
the can will receive the most water, 
thereby melting the ice away from 
that part. The weight of the ice 
starting, the cake will then fall on 
the bottom of the can, and the air 
will rush in over the top of the ice, 
forcing same out of the can. 

Fig. 390 shows the Vulcan Iron 
Works track system. The rail in 
this aiyangement is supported during 
the throw of the switches, so that no 
abnormal strain can come upon the 
hinge or joint, and the latter cannot 
be broken off if the switch be left 
open. The rail is farmed of in. 
by J in. iron, and the hangers arc so 
constructed that any portion of the 
rail can be secured to the hanger 
without drilling. 

These switches are made two, three, and four throw. 

Ice-delivery machines and other labour-saving appliances are also 
manufactured by the Pulsometer Engineering Co., Ltd., and others. 

Whatever the afrangement, however, for drawing the ice, one thing 
is absolutely necessary to ensure economical working, and that is the 
strictest regularity. It is, of course, understood that the machinery 
should also be kept working at as unifonn a speed as possible, and that 
aU temperatures should be maintained as normal as practicabla 

Suitable ice elevators or hoists are also required for raising the 
blocks of ice from one level of the factory to another. Amongst 
numerous devices for this purpose, mention may be made of the 



Fig. 386.—Frick Ice-Can Hoist for 
use with Small Ice-making Plants. 
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Mowing, viz., that wherein an endless chain, provided with hooks, is 
employed tagrab the blocks of ice, and drag them up an incline, which 
latter may be made in sections, so as to admit of the ice being, dis¬ 
charged at different 
elevations. The hooks 
are set in position to 
engage with the blocks 
of ice by a spring bar 
upon the frame carry¬ 
ing the driving-wheel. 

In another arrange¬ 
ment the blocks of ice 
are shoved up a fixed 
spiral incline, by arms 
or levers projecting 
radially from a shaft, 

located vertically in pig, ago —Automatic Ice Dump, 

the centre of the in¬ 
cline and rob. ted in anv convenient manner. 

Oi-dinary hydraulic or steam platform lifts, communicating between 
the different fioois of the factory, may be located wherever found to be 




Fig. 390 —Vulcan Iron Works Track (System. 


necessary and oohvenient, as also run-ways or slip-ways and gravity 

**°'Tnumber of loose tools are likewise required in an ice factory for 
manipulating the ice, such as ice-saws, hatchets, hooks and picks 
houtiog tongs, trollies, (fee. 
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Ice-Making, Geneeai. 

Cube Ice.—An arrangement invented by Mr Van dei Weyde for 
cutting ice into small blocks or cubes comprises circular saws and 
endless conveying bands or belts, by means of which the cut blocks or 
cubes are delivered to a special packing table, where they are stowed 
in boxes for delivery. 

It is advi,sable to have hydrants in .suitable positions throughout 
the buildings, and this precaution is especially desirable where ammonia 
machine.s are in use, the extreme affinity of ammonia for water render 
ing the latter (as already mentioned) the best remedy to employ 
for killing the ammonia should any considei'able quantity become 
accidentally spilt. 

The ice store is usually refrigerated by means of a brine or direct 
expansion coil, and the ante-room thereto should be cooled in a similar 
manner. It may be taken that, as usually stored, a ton of ice will 
occupy about 50 cub. ft. The top layer should be covered with dry 
sawdust or shavings. See also “Storing Ice.” 

In some places it is found advisable and advantageous to add to 
the ice factory buildings one or more cold store.s or chambers, wherein 
perishable products can be preserved for customers desiring such 
accommodation. 

The management of ice-making and refrigerating machines will be 
found dealt with in the next chapter, so far as the space at command 
will allow. That of the steam engines or other motors employed 
for driving these and of the miscellaneous accessory machines and 
apparatus will, of course, in no way differ from those used for other 
purposes, and instructions for the proper care and working thereof are 
outside the province of this work.* 


Febezing Times foe Diffeeent Tbmpbkatukes and Thicknesses 
OF Can Ice.— iStefcerJ. 


Thickness 

• 

lin. 

2 in. 

3 in. 

4 in. 

5 in. 

6 in. 

7 in. 

Sill. 

Oin. 

10 in. 

ll 

IS in. 

lemperature 

10‘ 

0*32 

1*28 

2-86 

6*10 

8 

11*6 

16*6 

20*4 

26-8 

81*8 

88*6 

• 

46*8 

ir 

0*85 

1-40 

3*16 

6*60 

8*76 

12*8 

17*3 

2*2-4 

28-4 

36 

42*8 



14“ 

0.39 

l*W 

3*60 

6-22 

9*70 

14 

19 

26 

81*6 

80 

47*0 

66 


16“ 

0*44 

1*76 

3*04 

7 

U 

16*8 

21*6 

28 

86*6 

48-7 

68*0 

63 


iir . 

0*60 

2 

4*bU 

8 

12*6 

18 

24-6 

32 

40*6 

60 

60-6 

72 


510“ 

0*57 

2-32 

5*26 

9'3U 

14*6 

21 

28-6 

87 *8 

47*2 

68 3 

70*6 



22“ 

0*70 

2-8U 

8-30 

11*2 

17*6 

26*2 

34*8 

44'H 

68*7 

70 

847 

100 


24* 

0*88 

S-Wl 

7-86 

14 

21 

31*6 

42-8 

66 

71 

87*6 

106 

126 


' * For detailed information regarding friction and the management and 

lubrication of the rubbing parts of machinery see “ Bearings and Lubrioatios,” 
by the same author. < 
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Time Eewirbb foe Wateb to Fkeeze in Ioe Cans. 

('The Triumph la. Machine Go. Cataloyiie). 


Size of Cans. 

Weight of Cake. Time lo Freeze. 

(i in. by 12 in. by 24 in. 

8 „ 18 „ :i2 „ 

8 „ Iti „ 40 „ 

11 „ 22 „ :i2 

i II 22 ,. 44 „ 

1 II „ 22 ,. 57 ,. 

50 lbs. *20 hours 

100 „ 30 „ 

150 „ 30 „ 

2(M) „ 55 „ 

3fJ0 00 ,, 

400 00 „ 


Note. —Tuunieraluvc uf IrnUi 14' to 18“ Kalir. Ai a rale, the higher the bath 
temperature tVie slower the process ot freexing, hut the hner and clearer the ice. 


Table of Ioe-Plant Efficiencies collected fbom Twenty-seven 
Existino and Opekatino Plants.— 




Lbs of 
Water 

Lbs. of 


Total 



Ite Pro- 
duced in 
Tnnb per 
24 houfh. 

Coal Con* 
bum* in 
lbs .’cr 

24 Hour... 

Kv.apoi ated 
to loo lbs. 

G Pressure 
fioni '212 
per ‘24 Hours 

Water 
Evaporated 
per lb. of 
Coal (or 
lbs. of L " 

B.T.U. con¬ 
tained in 

1 lb. of 
2oal (Calcu* 
lattv’)- 

Heat put 
into Total 
Water 
Evaporated 
by 1 lb. of 

ElTicteiicy 
per Cent. 

Loss on 70 
per Cent. 
Basis per 
Cent. 



(or Max. Ice 

Made). 


Coal. 





Fiodiiciion). 





5-4 

4,800 

10,8tK) 

‘2'2-5 

13,400 

2,261 

17-6 

75 

5-7 

4,81HI 

11,400 

2-37 

13,400 

2,381 

17-7 

74-8 

7'25 

4,000 

14„')(X» 

3-62 

12,200 

3,638 

29-8 

57-5 

7-5 

4,0fH> 

15,0(3) 

3-7.> 

12,2(X) 

3,768 

30-H 

56 

io:« 

5,000 

20,060 

413 

14,858 

4,1.50 

3,949 

27-9 

tX)“2 

11 

5,000 

2? OCK .) 

3-93 

14,858 

19-9 

71-6 

14 

12,000 

28,000 

2-33 

12,700 

2,.341 

18-4 

74-3 

14',-) 

9,000 

29,000 

;; 22 

11,900 

3,-2;i6 

27-2 

61 “2 

1 «',) 

9,500 

33,000 

3-47 

11,900 

3,488 

29*3 

58 

15 •« 

9,000 

31,200 

3 •2.5 

12,300 

3,2(9) 

26'5 

62-2 

l«-5 

ll,2(K) 

33,000 

2-94 

12,300 

2,945 

24 

65*8 

20 

12,000 

40,000 

3-33 

12,600 

3,346 

26-5 

62-2 

10 

8,(KH) 

38,(XK) 

4-73 

12,200 

12,200 

4,773 

39-1 

44 “2 

14-5 

6,(XK) 

29,0(K) 

4-83 

4,H54 

,39-8 

• 43-2 

17‘5 

10,000 

35,000 

3-5 

12,0(K) 

12,600 

3,.517 

29-3 

58 

17-«0 

10,000 

36,320 

3-53 

3,.547 

28'1 

60 

27-5 

13,500 

55,000 

407 

13,000 

4,090 

.31 -3 

55-3 

19 

7,000 

3S,000 

5-42 

12,200 

5,447 

44-6 

36-.3 

20 

6,1 K)0 

40,000 

6-66 

13,0(X» 

6,693 

6,793 

51-4 

26-6 

23 

6,800 

46,000 

6-76 

13,(KM) 
13,000 

52 2 

25’5 

24 

7,000 

■ 48,01X1 

6-85 

6,884 

4,160 

53 

25-8 

29 

14,000 

58,000 

4-14 

12,(XXI 

i 34-6 

50’6 

26 

18,000 

50,000 

2-77 

12,000 

2,783 

23-2 

66'9 

32 

22,000 

64,000 

2-90 

12,000 

3,045 

25-3 

62-9 

31 

14,000 

62,000 

4-42 

10,600 

4,442 

42-2 

39-8 

82 

22,300 

164,000 

170,000 

7 “28 

13,100 

7,286 

.56-6 

20-6 

85 

20,740 

8-22 

1.3,100 

_■_ 

8,261 

63-0 

10 
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Table giving Sizes and Capacities op Variods Icb-makino Plants. 

H, H. Kelly, “ The Engimer,' Nevt York. 


Tons* 

Size of 

Kevolu 

Size of 
Com¬ 
pressor. 

Size of Blocks 


'ons of 
Coal. 

w 2 
0 j 

No. of 
iremen. 

-ot 

four 

Engine. 

tioiis. 


of Ice. 


0 O 



Hoars. 











U 


J 

1 

7 by 9 

90 

tr) by lu 

8 by 8 by 28 

5 

J 

1 



3 


](> 

SO 

5 

M 15 

K 

, 15 , 

28 

15 


2 

2 

2 

5 

10 „ 

20 

75 

6 

„ IH 

11 

, 15 , 

28 

20 

ij 

2 

2 

2 

10 

12 „ 

30 

70 

8 

„ 20| 
„25{ 

11 

11 

, 22 , 

, 11 , 

28 

28 


30 

2 

2 

2 

3 

1 lOi 

14 „ 

m 

05 

8 

11 

11 

, 22 , 

, II . 

28 

28 

1 

J 

^35 

24 

2 

2 

3 

15 

14 „ 

30 

6,5 

10 

.,20{ 

11 

n 

! 22: 

, n , 

28 

28 


40 

;i 

2 

2 

4 

20 

It) „ 

30 

55 

10 

30( 

11 

11 

1 22 , 

, 11 , 

2S 

28 


50 

4 

2 

2 

5 

30 

10 

42 

52 

11 

„ 30* 

11 

11 

, 22 , 

, H , 

28 
28 ( 

60 

5 

2 

2 

6 

40 ‘ 

18 „ 

36 

50 

12 

., ;io 

11 

1 11 , 

28 

90 

OJ 

2 

2 

7' 

45 

20 „ 

30 

50 

15 

M 

11 

, 11 , 

28 

94 

8 

2 

2 

8 

m 

24 „ 

36 

45 

16 

„ ,36 

11 

. 11 , 

28 

96 

10 

2 

2 

9 

80 

26 „ 

4K 

45 

20 

„ :i6 

11 

, 22 , 

28 

100 

14 

2 

2 

10 


* 2,0UU lbs. t One oylinder. 


BKINE fob Use in REPRIdBHATINO and ICE-MAKINU PLANTS. 

A brine suitable for the above purpose can be mode with from 
3 to 5 lbs. of chloride of calcium, or muriate of lime, in accordance 
with its degree of purity, dissolved in each gallon of water. The 
density of this solution is about 23“ Beaumc, its weight about 13^ lbs. 
per gallon, and the freezing point is - 9° Fahr. As the above standard 
of density must be kept up, in order to prevent the brine from becoming 
congealed in the refrigerator or the ice-making tanks or boxes, it is 
desirable to Jest it periodically with a salinometer. 

In the best American practice first quality medium-ground salt,* 
preferably in bags for convenience of handling, is employed, the ’ 
proportions being about 3 lbs. of salt to each gallon erf water. The T 
brine is mode in a brine mixer, such as that shown in Fig. 391, which 
consists of a water-tight box or tank A, about 4 ft. by 8 ft. by 2 ft., 
having a suitably perforated false bottom B, and a small compartmmit ' 
^ partitioned off at one extremity, communicating with the main 
ewnpartment through an overflow d, situated at the upper end of 
portitioii, and fitted with a large strainer to prevent the passage 



ICE-MAKING. 


533 


the small compartment of salt or foreign bodies. The water is admitted 
through a pipe e, which extends into the tank a, and runs the full 
length of the false bottom, the latter portion being perforated, as shown, 
and the brine is removed through a pipe f from the upper part of the 
end compartment, at the lower extremity of which latter pipe is a 
strainer-box and strainer through which the brine passes before delivery 
into the brine-tank. A salt gauge, salinometer, or hydrometer is also 
placed in this end compartment. The sketch shown is from one given 
in the New York HJwjimer. 

The salt should be dissolved in the water until it reaches a density 
of about 90° by the hydrometer. To facilitate dis.solution it is desir¬ 
able to stir the salt in the mixer with some handy implement, the salt 
being shovelled in as fast as it can be got to dissolve. 

By the use of this mixer the settlement of salt on the bottom and 



Fio. .^91.—Brine Mixing Tank. Vertical Longitudinal Central Section. 

on the coils in the brine tank, which inevitably results when the 
solution is effected directly in the latter, is avoided. 

To maintain the strength of the brine it is recommended to suspend 
bags filled with salt in the brine-tank, or to pass the return brine 
through the above-described brine maker or mixer. 

A cheap and easily constructed apparatus for mixing brine can be 
made out of an old barrel in which a perforated false bottom is fixed 
a short distance alSove the bottom, the water to form the solution 
being delivered to the space between the two bottoms, and an overflow 
pipe, fitted with o suitable strainer and a well to receive a salinometer, 
being provided near the top to draw off the brine. 

When the temperature falls below 7° below zero Fahr. chloride of 
calcium must be employed, as a solution of common salt can only be 
reduced to a temperature 7° below zero, whilst chloride of calcium can 
be ^led down to 39“ below zero Pahr. 
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Fie 39'’ illustrates a brine concentrator of tlifi Haslam type. The 
appai'atus comprises a steam-jacketed pan, known as the concentrator, 
a series of tube.s known as the interchanger, and a brine pump. . The 
operation of the apparatus is as follows-Brine is drawn from the 
battery by the pump, forced through the iiiterchanger, and delivered 



Fig. 392.—Haialam Brine C>)nccntrator. 


into the concentrator. Here it i*s reduced by heat to the right specific 
gravity, after which it is allowed to flow back over the intei changer 
into the battery. In passing over the ihterchanger, it is cooled by tbe 
'incoming brine flowing through the interchanger, and in turn heats 
the incoming brine, thus saving both steam and work on the, 
refrigerating machine. , ^ , 
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’ Storing, Handling, and Selling Ice. 

For storing purposes ice should be clear, solid, and devoid of core. 
In America some persons insist that ice for storage should not be made 
at temperatures higher than 10° to 14” in brine-tank. 

The first requisite for a storage house for artificial ice, as also for 
natural ice, is, of course, the best possible insulation; other necessary 
points to be attended to are drainage and ventilation. The best shape 
for an ice-storage house is square, or as nearly .approaching this form 
as possible, and the roof should have a good pitch. An ante-room or 
lobby is also desirable, a.s by the provision of this latter the necessity 
for the frequent opening of the main store is done away with. 

To preserve the ice, the storage rooms, as well as the ai\te-chambers 
or lobbies must be refrigerated, and the amount of the latter required 
may be roughly estimated, .according to Prof. Siebel, at from about 
10 to 16 Biitish thermal units of refrigeration pei cubic feet contents 
for twenty-four hours. About 1 ft. of 2-in. pipe (or its equivalent in 
other .size j ipe) per 14 to 20 cub. ft. of space is frequently allowed, 
says the same gentleman, in icp..storage houses for direct OKpansion, 
and about onc-Iudf to one third more for brine circulation. The pipes 
should'be located on the ceiling of the ice-storage house. 

The ventilation of an ice-sb irage house should be carefully attended 
to, and ventilators fitted with suitable regulators should be provided 
both in the highest part of the I'oof and also in the gable ends. The 
drainage should be such as to absolutely prevent the accumulation of 
any moisture beneath the bed of ice. It is recommended to paint an 
ice .store white, preferably with a miner»l such as barytes or patent 
white. 

Resjiecting the be.st method to adopt for packing the ice in the 
store considerable diversity of opinion seems to exist. It is well to 
provide a bed of from 18 in. to 2 ft. of cinders, as this tends to improve 
the drainage of the house. In one method the blocks are placed on 
edge and as closely packed together as possible, the blocks in each 
■succeeding layer being placed exactly over those beneath and all 
breaking of joints being avoided. The ice is covered between the 
times of storing wltli dry sawdust or .soft wood shavings, and the 
uppermost layer is invariably covered with dry sawdust or shavings. 

Mr R. Thompson, writing to the Canadian Farming World, says 
that in filling the house he places the ice on edge, placing every 
alternate layer crossways, which plan, he claims, enables ice to keep 
better and come out easier. 
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Others recommend that the ice be stored with alternate ends 
touching and alternately from IJ to 2 in. apart, so as to prevent the 
ice from freezing together. The cakes or slabs of ice should not be 
parallel to each other, and storage should only be made when the 
temperature is at or below freezing. Or, again, |-in. strips placed 
between the layers of ice in the store so as to separate the cakes or 
blocks, top, side, and bottom, from all others in the house. 

For packing the ice, sawdust, rice chaff, straw, hay—marsh or 
prairie hay being said to be preferable—are employed. Of these 
materials hay is the best, rice chaff is capable of being dried and 
re-used. 6 in. of well-packod hay should be placed between the ice 
and the walls, and no covering until the store is full. 

1 cub. ft. of ice is taken to weigh 57 5 lbs. approximately at 32° 
Fahr. 1 cub. ft. of water frozen at 32° will make T0855 cub. ft. 
of ice, thus showing an expansion of 8'6 per cent, due to freezing. 

1 cub. ft. of pure water at 39” Fahr., its point of greatest density, 
weighs 62-43 lbs. 50 cub. ft. of ice, as usually stored, equals about 
1 American or short ton of ice (2,000 lbs.), or 62 cub. ft., 1 English 
ton. In small ice houses in which the ice is closely packed, a short 
ton of ice can be got into from 40 to 45 cub. ft. 

When withdrawing ice from a store breaking-out bars for bottom 
and side breaking are required, and if properly skilled assistance is not 
available a considerable amount of the ice will in ail probability be 
broken up and wasted. 

The wastage of ice in an ice store not artificially cooled, from 
January to July is, in the United States, at the rate of about -1 lb. 
of ice per twenty-four hours for each square foot of wall surface, or say 
from 6 to 10 per cent, of the ice stored during the six months. 

The amount of heat that will pass through 1 sq. ft. of ic,e 1 in. 
in thickness is put at 10 British thermal units per hour for each 
degree Falirenheit difference between the respective temperatures on 
each side of the sheet of ice. 

In handling and selling ice, the waggons should be clean and 
sanitary, the men in charge should avoid walking about in them with 
dirty boots, and blocks of ice should not be deposited and slid about 
on filthy pavements. These matters are attended to in the United 
States, but here they are totally neglected. 

In tfie United States the selling and delivery of ice is generally done 
by the coupon system, which is thus described by Prof. Siebel; “ It is 
a system of keeping an accurate account with each customer of the 
livery of and the payment for ice by means of a small book con^ainiig , 
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coupons, which in the aggregate equal 500 or 1,000 or more pounds of 
ice taken hy the customer every time ice is delivered. These books 
are used in the delivery of ice in like manner as mileage books or tickets 
are used on the railroad. A certain number of coupons are printed on 
each page, each coupon being sepai’ated from the others by perforation, 
so that they are easily detached and taken up by the driver when ice 
is delivered. Such books are each supplied with a receipt or due bill, 
so that if the customer purchases his ice on credit, all that is necessary 
for the dealer to do is to have the customer sign the receipt or due bill 
and hand him the book containing coupons equal in the aggregate to 
tho number of pounds of ice set forth in the receipt or due bill. The 
dealer then has the receipt or due bill, and the customer has the book 
of coupons. The only entry which the dealer has to enter against 
such purchaser in his books is to charge him with coupon book number, 
as per number on book, to the amount of 500, 1,000, or more pounds of 
ice, as the value of the book .so delivered may be. The driver then 
takes up the coupons as he delivers the ice from day to day.” 


Icb-Crushino 0); Breakino Machinery. 

A«clas8 of machine required in most modern ice factories is that for 
ice-crusliing or breaking. There are numerous uses for this type of 
machine, but probably the most important is the crushing of ice for 
use on board fishing smacks and vessels, where it would bo compara¬ 
tively useless in large solid blocks, and must be crushed or broken up 
into small pieces before it can be satisfactorily employed for the 
purpose of packing the fi.sh. This latter desideratum likewise applies to 
tho transport of fi.sh by rail, and to the requirements of fishmongers, 
hotels, restaurants, dtc. Fig. 393 shows a belt-driven machine having 
a crushing capacity of 1.5 tons per hour, built by Messrs David Bridge 
& Co., Castleton, Manchester, a firm that have made a speciality 
of this class of machinery. The machine consists essentially of a 
suitable hopper to receive the blocks or pieces of ice, and a pair of 
crushing or breakftig rollers provided with steel spikes arranged in such 
a mannei that the ice will not be allowed to slip or slide, and the 
breaking operation will consequently commence without loss of time. 
The breaking or crushing rollers are suitably geared, and the bearings 
are independent, gunmetal bushed, and provided with effective 
lubricating arrangements. An excellent feature in the design of the 
machine is that all the parts are so arranged as to be readily accessible 
for cleaning and repairs. 
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Besides the machine shown, the firm also make various other sizes 
of power-driven crushers fronr 1J tons up to 30 tons per hour capacity, 
as well as small hand-power machinery intended for the use of fish¬ 
mongers, and in hotels, restaurants, or anywhere, in fact, where it is 



Fig. 393.—l.'i-Ton per Hoar Ice-eruahing Machine. 


required to crush or break ice from the block, but the demand is not 
large. These latter machines are made in three sizes, viz., of 10, 15, 
and 26 cwt. capacities. Ice-crushing machines are also made by 
Mr C, E. Barton, of Grimsby, and others. 
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MANAGEMENT. 

Ammonia Compression Machines. 

Every particular Ij’pe of machine working on this principle has, as 
a rule, certain distinctive or characteristic features, and will, of course, 
so far at least as these are concerned, require speciid care and adjust¬ 
ment, and it would consequently be totally impossible to lay down an 
arhiti^ary set of rules foi working that would be suitable to all; nor is 
this necessary or required, as full particulars relating to the manipula¬ 
tion of each particular machine are invariably .supplied by the makers. 
Tlie following points, however, are more or less applicable to all 
machines working on the ammonia compression principle, and should 
therefore be familiar to those in charge of same. 

Before charging an empty machine with anhydrous ammonia, all 
air must first be carefully expelled. This is effected by working the 
pumps so as to discharge the air through special valves which are 
usually provided on the pump dome for that purpose. 

The entire system should have been previously to this thoroughly 
te.ited by working the compressor, and permitting air to enter at the 
• • 5I9 
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i^nitaon through the special valves provided for that pui^se, and 
staottld be perfectly tight at 300 lbs. air pressure on the square inch, " 
and should be able to hold that pressure without loss. Whilst terting ' 
the system under air pressure it should be also carefully blown through 
and thoroughly cleansed from all dirt, every trace of moisture being 
likewise removed. 

It is totally impossible to eject all air from the plant by means of 
the compressor, therefore it is advisable to insert the requisite charge 
of ammonia gradually and not all at once, the best practice being to 
put in from 60 to 70 per cent, of the full charge at fir.st, and cautiously 
permit the air still remaining to escape through the purging-cocks 
with as little loss of gas as possible, .subsequently inserting an addi¬ 
tional quantity of ammonia once or twice a day, until all the air has 
been got rid of by displacement, and the minplete charge has been 
introduced. 

To charge the machine, the drier or dehydrator of the apparatus 
for mipufacturing or generating anhydrous ammonia, or, where no such 
apparatus is included in the installation, the drum or iron steel flask 
of anhydrous ammonia, should be connected, through a suitable pipe to 
the charging valve; the expansion valve must be then closed, and the 
valve communicating with the drier or dehydrator, or that in the^flask 
or bottle, opened. The machine should be run at a slow speed when 
sucking ammonia from the drier, or whilst the flask is being emptied, 
with the discharge and suction valves full open. In the latter ease, 
when one of the flasks or bottles has been completely emptied it 
must be removed, the charging valve having been first closed, and 
another placed in position, until the machine is sufliciently charged to 
work, when the charging valve should be finally closed, and the main , 
expansion valve opened ancj regulated. A glass gauge upon the liquid 
receiver will show when the latter is partially filled, and the pressure 
gauges, and the gradual cooling of the brine in the refrigerator (in the 
case, of a bring circulation or ice-making apparatus) and the expansion 
pipe leading to the refrigerator coils becoming covered with frost, 
indicate when a sufScient amount to start working has been insented. 

It is sometimes advisable to slightly warm the vessels or bottles 
containing the anhydrous ammonia by means of a gas jet, or in some 
other convenient manner, whilst transferring their contents to the 
machine, ns otherwise if frost forms on'the exterior of the bottles 
they will not be completely discharged, and loss of ammonia will 
pnsne. 

. The flasks, bottles, or other receptacles containing the anhydrous 





MBtnomA should be always kept in a toleraldy cool and a p«lee^( 
lafe sitoatiou, and they should moreover be moved and handled widi 
the utmost caution and care. 

In the event of an accident occurring and any considerable quan- 
Sty of the ammonia becoming spilt, it is well to remember that it is so 
sxtremely soluble in water that 1 part of the latter at a temperature 
if 60° Fahr. will absorb some 800 parts of the ammonia gas, therefore 
water should be employed to kill or neutralise it, and any person 
ittempting to penetrate an atmosphere saturated with this gas should 
uot fail to place a cloth well saturated with water over his nose and 
mouth, or better still, a suitable helmet or respirator. 

The machine having been started, and the regulating valve opened, 
it is essential to note carefully the temperature of the delivery pipe on 
the compressor, and if it shows a tendency to heat, then the regulating 
valve must be opened wider; whilst, on the contrary, should it become 
cold, the vslve must be slightly closed, the regulation or adjustment 
thereof being continued until the normal temperature of the above pipe 
is the same as that of the cooling water leaving the condenser. When 
the charge of ammonia in the machine is insufficient, the delivery pipe will 
become heated, and that even when the regulating valve is wide open. 

There are many additional signs of the healthy working of the 
apparatus other than the fact that it is satisfactorily performing its 
proper refrigerating duty, which soon becomes easily recognisable to 
those in charge. For example, every stroke of the piston will be clearly 
marked by a corresponding vibration of the pointer or indexes of 
the pressure and ’ irnuum gauges. The frost visible on the exterior of 
the ammonia pipe leading to and from the refrigerator will be about 
the same, lire liquid ammonia can be distinctly heard passing in a con¬ 
tinuous and uninterrupted stream through the regulating valve. The 
tempaature of the condenser will be about 16" higher than that of the 
cooling water running from the overflow. And, finally, the temperature 
of the refrigerator will be about 15' lower than the actual temperature 
of the brine or water being cooled. 

Air will find its way into the system through leaky stuffing boxes, 
improper regulation of the expansion valve, &c. Its presence in any 
considerable vplumo i.j shown by a kind of whistling noise, the liquid 
ammonia passing through the expansion valve in an intermittent 
manner, a rise of pressure in the condenser, and also loss of efficiency 
thereof, and other obvious signs. In this case the air must be got 
nd of through the purging-cocks in a similar manner to that whuffi 
■kcmains in the system when first charging the machine. 
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The presence of any considerable amount of oil or water in the 
system, which may result from careless distillation, will cauhe a reduc¬ 
tion in efficiency, and will be evidenced by shocks within the compressor 
cylinder. 

The temperature can be regulated either by running the machine at 
a higher speed or by increasing the back pressure, or by a combination 
of both. The back pressure can be regulated by means of an expan¬ 
sion valve or valves fitted between the receiver and the refrigerator 
evaporating coils or pipes in the main liquid pipe. 

It is absolutely necessary that an ample supply of oil for lubricating 
purposes be forced into the stuffing box of the compressor at frequent 
intervals, otherwise it will be found that the heated ammoniacal gas 
at high pressure will very rapidly cut through even the very best 
packing. Pure mineral oil of good body is found to be the best lubri¬ 
cant ; animal and vegetable oils should not be Used, as on contact with 
ammonia they will saponify, and much trouble and loss will ensue 
therefisom. 

Another matter requiring special attention is the proper lift of the 
suction and discharge valves, and these should invariably be provided 
with suitable means for admitting of the lift being readily adjusted. 
The lift should not be too high, otherwise the valves will not close, with 
sufficient promptitude, and a loss of efficiency will result, and tlmt more 
especially in compressors running at high speed. 

When superheating of the ammonia gas in the compressor is guarded 
against by the circulation of cooling water through a jacket surrounding 
the latter, it is desirable to ascertain the proper amount of water 
necessary to secure the best results. Tins will, of course, vary with 
the condensing pressure; about 12 gals, of water per hour for each ton 
of refrigerating effect per day of twenty-four hours being usually found 
to be sufficient for low condensing pressures of, say, from 95 to 1 It) lbs., 
whilst, on the other luind, with a high condensing pressure of about 
150 lbs. the apjount will have to be increased to 50 gals, or more per 
hour. 

The larger the amount of cooling water that is employed in the 
separator jacket the better; and this water need not be wasted, as it 
may be conducted through a suitable overflow into the condenser, and 
utilised together with that delivered specially thereto. The overflow 
pipe conducting this water to the condenser should preferably dip down 
for a. certain distance into the condenser. 

Respecting the quantity and temperature of the cooling water foi* 
the condenser, it must be remembered the lower the temperature of the 
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condensed ammonia the loss will be the pressure against which the 
compressoi»has to work, and consequently the greater will be the saving 
in fuel and in wear and tear to the moving parts. 

The amount of condensing water required will vary in accordance 
with the temperature at which it is run from the condenser. For 
instance, if the condensing water be run into the condenser at a 
temperature of about 60° Fabr., and leaves at the overhow or waste 
at a temperature of, say, 90° Fabr., the quantity of water required will 
be about 1 gal. per minute for each ice capacity of 1 ton per twenty- 
four hours; whilst if the temperature of the overflow or waste were 
75° Fahr., the original temperature at the inlet being the same as 
before, the amount of water required would be about 2'5 gals, per 
minute for each ice capacity of 1 ton per twenty-four hours, and a 
reduction of about 40 lbs. in the condensing pressure would be effected. 
In large towns and cities, however, whevo the water from the water 
companies’ mains has to be used, and paid heavily for, it is often 
doubtful economy to attempt to redrce ihe temperature of the con¬ 
densed ammonia below a certain point, say 60° Fahr., during the 
winter months, and 70° Fahr. during the summer months. It is 
obvious that when a high price has to 'xi paid for the water employed 
for cooling and other puijioses, every effort possible should be made to 
utilise it to the fullest extent, and, with this end in view, it is desirable 
to use the overflow water from the condenser for boiler-feeding purposes, 
or to employ some means, such as a cooling tower, for saving that which 
would be otherwise run to waste and be completely lost. 

To prevent los.s of efficiency from heating of the condensed 
ammonia, it is advisable that the receiver and piping should be covered 
with a thick layer of some suitable ncu-conducting material, which 
precaution is. the more necessary, inasmuch as the piping generally 
passes»througl, the engine room, and consequently the temperature of 
the ammonia is not infrequently raised as much as 25° above that at 
which it left the condenser before it enters the coils or pipes of the 
refrigerator, which causes a loss of about 2'5 per cent, on the ice- 
making capacity (jf tin machine. The pipes conveying the ammonia 
gas from the coils or pipes of the refrigerator to the compressor should 
be likewise well covoi-ed with non-conducting material, so as to pre¬ 
vent, as far as possible, any further accession of heat in the gas 
during the transit. The desirability of this will be readily seen when it 
is remembered that the refrigerating capacity of a machine of this 
type is dependent upon the weight of ammonia circulated, and that the 
volume of a given weight of the gas increases in projiortion to the 
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elevation of its temperature, and consequently the higher this is raised 
the smaller will l)e the weight of the gas circulated or dealt with by the 
compressor, although the volume may be the same. 


Oil Separators or Collectors. 

In the case of a compressor wherein the cylinder is cooled by a 
water circulation round its exterior walls, and not by the intro¬ 
duction of cooling liquid to the interior thereof, a certain amount of the 
oil employed for lubricating purposes will gain access to the interior 
round the piston rod, and this oil would, unless proper means be taken 
to prevent it, be carried through the discharge valve along with the 
ammonia gas, and, after first passing into the condenser, would finally 
gain access to the evaporating or expansion coils or pipes of the refri¬ 
gerator, and also stop or clog up the expansion valve, and otherwise 
reduce file efficiency of the machine. 

The method employed for recovering any oil curried over with the 
ammonia gas in a compressor of the De La Vergne type, employing 
a sealing, cooling, and lubricating liquid in the cylinder, has been 
already mentioned when dealing with that machine; with compressors 
wherein other means are employed for ensuring a complete or a practi¬ 
cally complete discharge of the ammonia at each stroke of the piston, 
suitable oil separatois or collectors for the mechanical separation of the 
oil from the gas, and in some cases rectifiers are used. The oil 
separator, which should be at least as large as the liquid-ammonia 
receiver is, as a rale, placed in the main pipe between the compressor 
atid the condenser. Another oil separator or trap is frequently fitted 
on the expansion or low-pressure side of the refrigerator, usually in 
close proximity to the inlet to the compressor pump. The object of 
this latter is to intercept any scale, dirt, <Sic., from the pipes, and pre¬ 
vent its gaining access to the pump cylinder and injuring the piston 
and valves.* The shells of these separators or traps are usually con¬ 
structed of wrought iron or steel, and it is essential to have perfectly 
gas-tight joints. 

* The separator or oil collector frequently supplied consists merely 
in a cylindrical vessel into which the ammonia gas is conducted at one 
extremity and leaves at the other. The inlet and outlet being situated , 
at some inches from the ends or coversj the gas is supposed to be freed 
from the oil carried over therewith by coming in contact with the 
sides of the cylinder, and it passes on to the condenser, whilst thw oil 
falls to the bottom of fdie vessel. 
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A better form of separator is that wherein baffles or plates, de¬ 
scending veHioally to slightly below the centre of the cylindrical vessel, 
and extending alternately nearly but not quite to the opposite sides 
of it, are employed. In this arrangement the gas is admitted at one 
side of the cylinder, and, after taking a zigzag course between the 
baffles or plates, leaves at the other side. A very considerable increase 
of contact surface is thus ensured in a separator of this type, a modified 
form of which is employed in the Be La Yergne system, and the 
separator is rendered considerably more efficient. 

The gas being at a temperature of some 200° Fahr. when passing 
through the separator or interceptor, the oil contained or carried over 
with it is in a limpid condition, and is, therefore, difficult to eliminate 
from the gas. To obviate this objection the separator or oil collector 
is sometimes water-jacketed, by which means the temperature can be 
maintained low enough to cause the oil to sejmrate easily from the gas 
and fall to the bottom of the cylinder or ve.ssol. By this arrangement 
its efficiency is still further increased. 

Puplett and Bigg’s patent separator or interceptor has been 
already described in a previous chapter, and centrifugal oil separators 
have also been u.sed with .som( success. A type of oil separator 
recomq>ended by some makers is fitted with an arrangement of wire 
screens. 

A separator of this latter type was patented in 1887 by S Puplett 
and J. L. Bigg, whicii consisted of a cylindrical vessel having a water 
jacket through which a circulation of cooling water is maintained, and 
provided centrally with two or more sheets or screens of wire gauze, 
or perforated sheet metal, by which the cylindrical vessel or chamber 
is divided vertically into two compartments. Tbe gas from the com¬ 
pression pump is discharged into this vessel or chamber against the 
sheets dr screens, and is forced through the interstices or meshes, the 
surface contact separating the oil, held in mechanical suspension, from 
the gas. The separator being maintained at a lower temperature than 
the gas by means of the above-mentioned water jacket, a rapid con¬ 
densation of any passing over with the gas takes place, and this 
oil is first deposited on the sheets or screens, from which it falls to 
the bottom of thp separator, from whence it can be drawn off through 
a dischai'ge-cock fixed therein, without stopping the machine, and 
without any material loss of gas or admission of air occurring. 

To catch any oil that may pass down the return-liquid pipe, an 
interceptor is attached to the latter in any convenient position, but 
piwforsbly as near as possible to the refrigerator." This interceptor is 
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formed of a cylindrical vessel having a diaphragm extending from the 
cover to within a short distance of the bottom, and anothef diaphragm 
extending from the Iwttom thereof to within a short distance of the 
cover, thus forming three compartments. The return-liquid pipe passes 
through the cover nearly, but not quite, to the bottom of the intercep¬ 
tor on one side of the first diaphragm—that is in the outer compart¬ 
ment—and is contit)ued from near the bottom of the interceptor to 

kwond the second diaphragm, 
that is to say, out of the third 
compartment. Any oil that 
passes down the return-liquid 
pipe collects in the first eomparh 
ment of the interceptor, from 
whence it can be withdrawn 
through a cock fixed in the first 
com])artiuent without stopping 
the machine, or cainsing an ap¬ 
preciable loss of gas or the admis¬ 
sion of air to any injurious extent. 
This interceptor i.s preferably 
jacketed, and is suixounded with, 
and maintained at a suitable 
temi)erature by means of, cold 
brine, in order to aid in sejmrat- 
ing the oil from the liquefied gas. 

Even the best of the ordinary 
separatoi's or oil collectors at 
present in common use are, how¬ 
ever, more or less defective in 
action, and those having under 
their charge expansion coils or 
Fig. 3«4.—yohihees Oil Separator or Col- l>rine coolers are well aware of 
lector. Vertical Central .Section. the fact that considerable quan¬ 
tities of oil gain access to the 
expansion coils or the ammonia space of the brine cooler in com¬ 
pression systems. This oil, it is well known, is a great drawback 
to the successful working of the system, acting os an in.5nlator and 
prevehting the eflSciont transfer of heat from the ammonia to the pipes 
and also occupying a considerable part of the space required for the 
liquid ammonia. The oil is in a finely-divided and partially vapofis^ r 
condition, for Which reason the ordinary separators fail to eliminate it t 
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from the liquid ammonia. The obvious remedy seems to be to so 
construct tKe separator that the liquid ammonia will be cooled before 
passing to the expansion valve and so as to condense the oil vapour 
and separate same from the liquid ammonia. 'Fliis action would be 
ensured in the oil separator shown in Fig. 394, designed by Mr 
Gardner T. Voorhees, S.B., M.A.S.M.E., which was described in “Ice 
and Refrigeration.” The liquid ammonia from the condenser, after 
passing through the gas trap, then passes by pipe A into the space B 
of the separator. Here the velocity of the liquid ammonia is reduced 
by the large flow area of the .separator. The ammonia flows slowly 
over the outer surface of the coil c. This noil is as cold as tlie cold 
liquid ammonia after it has passed the expansion valve. This cold 
coil cools the whole body of the liquid ammonia in the separator, and 
the oil separates out in small globules as shown, and .settles to the 
bottom of the separator. 

Tlie liquid ammonia, now free from oil, passes out by the pipe D to 
the expansion valve i)*, and expands through the coil c, passing out 
through the pipe K to the expansion coils, or to the ammonia space in 
the brine cooler. The oil can be seen in the glass of the automatic 
gauge-cocks, and nan be drawn off irom time to time through the pipe 
p and the valve 0 . The separator can be insulated or not, as desired. 
If insulated the only loss of refrigeration would be a neglectable small 
one through the insulation. If uninsulated, it would be relatively 
small, and loss than is often found in uninsulated liquid headers and 
expansion valves. 

Fig. 395 shows a modified arrangement of the catch-alls or inter¬ 
ceptors employerl on the Yary'an patent evaporators, which could 
also be used for the elimination of the oil. As will be seen from 
the illustration it consists in a cylinder A, which is watec-jacketed 
as shown at a', and divided into tw(j compartments by a tube-plate or 
partition n, from which project tubes o, c, which extend round the 
gas outlet pipe n, and extend nearly but not quite to the end of the 
cylinder, the outlet pipe extending into the cylinder for a distance 
equal to about half'the length of the tubes, e is the inlet pipe 
through which the ammonia gas and the particles of oil carried over 
therewith are delivsered into the first chamber of the separator or oil 
collector, p is a wire gauze or perforated screen or diaphragm, and 
pi, pi are baffle or check plates which extend alternately to within 
close proximity to the opposite sides of the cylinder. A clearance is 
likewise provided at the bottom of each of the baffle or check plates 
p, and of the partition or tube-plate ^b, to allow of the free passage 
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'■M the oil from the first ooinpartment or chamber to a well fona^^ 
the bottom of the separator cylinder a; o is a pipe leading froin ‘tali| 
well, through which the oil can be drawn off when required; H, nL 
are respectively the inlet and outlet pipes for the cooling water to the 
water jacket. 

In operation the gas and oil enter the first chamber or compart¬ 
ment of the separator and pass to the tubes o through the wire gaure 
diaphragm F, and taking a zigzag course from side to side of the 
separator past the baffle or check plates f'. A large proportion of the 
oily particles strike against the diaphragm, and the check, division, 
or baffle-plates f', and become separated from the gas, finally falling 
to the bottom of the compartment and passing to the well The 



Fig. .’fft.l.—-VWyan Form of Oil Separator, Collector, or Interceptor. 
Vertical Central Section. 


partially cleared gas then passes through the interior of the open-ended 
tubes 0 into the .second chamber or compartment, and returns along ■ 
the space on the outside thereof to the outlet pipe n, the remainder 
of the oily particles becoming deposited on the interior and exterior 
surfaces of the tubes c, and on the walls of the compartment, from 
which they likewise fall, and are collected in the well in the bottom 
of the latter. The very extended surfaces with which the gas tljus 
com« in contact during its passage through the separator or collector 
will ensure the complete deposition of the oil held in suspension by the “ i 
gas, and the latter will finally pass out from the separator or cffl * 
pOllector at the outlet pipe n completely, or practically coropfetelyif^ 
Ireed therefrom. 
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r: '' T3>e segarstor or M cdleotor k sometimes so conoecfted 
Oppressor tibat the oil can be used over again; this, twwenrerj'‘% 
objectionable in the case of a double-action compressor, as 
connection is liable to become choked with pieces of packing that find 
their way into the separator. When a rectifier is used, the separator 
is in some instances connected therewith through a rotary cock, 
operated from the main shaft by means of a band, which cock is kept 
constantly working discharging a small quantity of oil at each revolu- 
tiod into the rectifier, so long as any remains in the separator. The 
failure of oil in the separator is indicated by the connecting pipe 
between the latter and the separator becoming covered with frost, when 
the cock must be immediately thrown out of gear and the oil allowed 
to accumulate in the separator before re-starting it. When the 
separator is connected directly with the loctifier the cock in the 
connecting pipe should be opened periodically, say about every twelve 
hours. The oil may be discliarged from *he rectifier at about similar 
intervals, and the amount of oil that is found to be entering the com¬ 
pressor cylindi i- is an index to the state of the packing in the stuffing 
box, a large quantity being a certain sign that it requires renewal or 
seeing to. Tt is most important that the separator or oil collector be 
cleaned out at pretty frequent and regular intervals. 

The liquid ammonia receiver is invariably located below the con¬ 
denser, a supply pipe being led from it to the evaporator or refrigerator 
governed by the expansion cook or valve. 

Fig. 396 illustrates a type of ammonia receiver and oil trap made 
by the Triumph Ice Macliine Co. The pipe shown passing through 
the vessel is the suction pipe to the compi’essor pump cylinder, 
and when this pipe becomes coated with frost, it materially assists in 
cooling^ the liquid ammonia, and thereby greatly increasing the effi¬ 
ciency of the pl.,nt. At the top of the receptacle is a wire gauze 
strainer, shown in plan on the left-hand side of the drawing, which 
prevents foreign bodies and impurities from gaining access to the 

system. (See also pages 76, 609, and 510.) 

0 

AcOUMOTATTONS of DiPOBIT in the CoNDlNSKR. 

It not infrequently happens that deposit accumulates on the ex¬ 
terior surface of the condenser coils from sedimmit in the water, and 
on the interior surface thereof from oil and foreign bodies. The 
smaller ammonia pipes may sometimes became filled with obstructions 
to liie.extent of completely blockii^ them up. These bodies lUay 
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consist of lumps of solder or other matter accidentally left in the tubes 
when making the joints, or of pieces of packing from the stiithng box 
carried over with the gas. The deposit or furring of the condenser 
coils or pipes is objectionable inasmuch as it acts as a non-conducting 
covering, and prevents them from fi'eely transferring the befit to the 
cooling water, and the choking of other conduits is likewise followed by 
corresponding loss of etlicioncy, for cxiimple, that of one of those lead¬ 
ing to one of the refrigerator coils or sets of pipes will result in the 
latter not acting at all, or only very slightly. Complete choking up 
or obstruction of one of these latter conduits is evidenced by that 
particulai pipe, and also the corresponding return pipe, not becoming 
covered with frost at all, or only so to a very small extent; and a slightly 
has degree of frost upon any of these pipes indicate.^ partial choking 
or obstruction, and a consequent very feeble action of the coil or set 
of pipes. 

The coils or ])ipes in the condenser .>hoiild lie frequently cleaned 
on the exterior with a suitable brush, and, whenever practicable, 
removed at fixed period.s and carefully scaled. This is best and most 
easily effected by heating the tubes, care being taken, however, not to 
carry such heating to an injuriou.s extent. The interior surfaces of the 
tubes‘can be cleansed by blowing steam through them at a con¬ 
siderable pimsure. 'J'o clear small obstructions from n conduit leading 
to one of the refrigerator coils or sets of pipes, it is usually sufiicient 
to turn the entire stream of ammonia into it. Should, however, the 
obstruction prove obstinate, and it las found impossible to shift it 
in this manner, an early opportunity must be taken to clear it by 
blowing steam through it. Any considerable choking of the conduits 
leading to the refrigerator coils is followed by a very m.irked decrease 
of efficiency in the latter. 


Brkaking Joints. 

Whenever a joint has to be broken, and any portion of the machine 
opened for any purpose whatever, it is absolutely essential that the 
whole of the ammonia contained in that part should be pumped or trans¬ 
ferred to another'part, or if this cannot be done it should be dis¬ 
charged, preferably into water, which can readily be effexited by means 
of a short strong india-rubber tube. On account of the already-men¬ 
tioned great solubility of ammonia in water, it will become readily 
absorbed, if the vessel hito which it is discharged be kept sufficiently 
replenished with cool water. It is of the utmost iinjiortance that the 
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rule of carefully removing all ammonia pressure before breaking a joint 
be strictly adhered to. 

In warm weather, or in hot climates, the joints will require con¬ 
stant attention, and periodical inspection, and tightening up of the 
bolts; and at all times, even in the winter in this climate, they are 
liable to develop leaks through the working of the machinery. 


LnBEiuATiN(j Qualities, &c., oi" Ammonia. 

Ammonia being a good solvent, and having no effect upon iron or 
steel, the parts will become clean and free from dejiosit, after working 
for a short period, and the cylinder and piston will lie found highly 
polished. Ammonia also possesses some slight lubricating qualities, 
and, therefore, after starting, no other lubricant need be introduced 
into the compressor cylinder. The cylinder covers, as also the valve 
box (iovers, should be occasionally removed and a thorough inspection 
made'of the piston, cylinder, and valves. The latter are exceedingly 
apt to become cut or marked by fragments of scale, and require 
grinding in periodically. 


Compressor PisTon Rod Packings. 

A properly packed piston rod will remain in goixl order for at least 
t six months, provided the rod be in first-rate condition and per¬ 
fectly true; under contrary conditions, however, trouble will be experi¬ 
enced in a fortnight or less. The usual precautions to be observed in 
order to properly pack a steam engine or other stuffing box, which are 
well known, or should be so, to those in charge of ammonia plants, 
are equally applicable id the case of the compressor, but the herein- 
' before-mentioned extensively searching nature of ammonia gas demands , 
the exertion "of extra care. These observations apply more especially 
in the case of a double-acting compressor. 

For single-acting compressors metallic packing will be found the* 
best, that of Victor Duteme, the patent for whicli expired many years 
Sigo, being an excellent one for the purpose. 

A single-acting compressor stuffing box, being only subjected to the 
suction, pressure, that is to say, to ope of about 28 lbs. per square 
f finrii, or even less, the maintenance of a tight joint is a matter of oom- 

i 


psustive facility. With a double-acting compressor, however, the ^e 
i is different, as the pressure will vary from 126 lbs, at the lowest to soke* 
.' r tfanes as much ai 180 lbs. at the highest, and with such a searching'ga^ 
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as ammonia the stuffing box is a part likely to give the engineer in 
charge at least as much concern as any other portion of the machine. 
Should, however, the piston rod be in first-rate condition and perfectly 
true, a properly-packed stuffing box will, as already mentioned, enable 
a g£i8-tight joint to be maintained for six months or more; with the 
opposite state of things leakage will probably occur in a fortnight or 
less, and in practice the nxl will seldom be found to be in the first- 
named state of high perfection, consequently the joint may be expected 
to Yemain tight for any pericxl of time tetween the two above- 
mentioned. 

The stuffing box should be of considerable depth, say a foot, a 
clearance of from ^ to in. being left between the piston rod and 
its inner wall. Fig. 397 is a diagram from a sketch given in an 
American journal showing one form of stuffing box and method of 


Fig. Stuffing Box and Packing for Ammonia Machine. 

Longitudinal Section. 

packing, from whicli it will be seen that it is packed in two sections, 
a steel lantern a, some inches long, being inserted centrally in the 
stuffiifg box B, with packing C on each side of it. 

Double-acting compressor stuffing boxes are best packed with com¬ 
binations of packings, metallic packings (which are found very suitable 
for the stuffing boxes of single-acting compressors) not giving good 
results with the former. Many of the special and patented packings 
will be found suitable. Plaited cotton packing, cut into suitable 
lengths, and inserted in the form of rings, may be employed, it being 
desirable, however, in this case to finish off with a couple or more 
rubber insertion rings. 

Packings consisting of india-rubber and duck, and indeed most 
packings of good quality containing indiarrubber, are suitable when the 
piduO' rod is in good order, and the larger the proportion of rubber the 
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better, as the ammonia has no injurious action upon the latter, only 
making it swell and become spongy, and thereby enabling a gas-tight 
joint to be maintained with but a trihing amount of friction. 

The packing should be driven home tightly, piece by piece, with 
a packing stick made of hard wood, and a mallet, the gland being 
finally screwed on by hand only, so as to allow for the expansion of the 
packing. This latter precaution is absolutely necessary in order to 
ensure the maximum life of the latter. When tightening up the gland 
care mu.st bo taken to do so equally all round, and not to screw up the 
nut on one bolt more than on any of the others. 

Several of the patented systems for preventing the occurrence of 
leakage of gas taking place past the stuHing box have been described 
in previous chapters, but the present purpose is only to endeavour to 
show^how good a job can be made with ordinary stuffing boxes and 
packings. 


To Chakob and Wobk a Caebonk; Acid Machine. 

The following directions, whilst applying more or less to all carbonic 
acid refrigerating machines, refer more especially to those made by 
Messrs .1. & E. Hall, Ltd. ■ 

Before charging, fill the compressor with glycerine and run the 
machine for an hour or two with all the valves open wide. 

To charge the machine, suspend a flask of CO^, valve upwards, 
from a spring balance and connect by a copper wire to the evaporator. 
See that connecting joints are tight. The steel flasks contain about 
40 lbs. of COj, and the number requireil will, of course, depend upon 
the size of the machine. 

Open the valve on the flask and on evaporator. The difference in 
weight between the empty and full flask will denote the weight of COj 
that has passed into the machine. 

After the flasks are half empty, warm them with hot water. When 
empty close the valve whilst the flask is still warm. Should any COj 
remain, it will be cold, and at the lower extremity. 

" On first charging a new machine, blow the air out of the system 
by breaking the joint between the regulator and the pipe leading to it, 
the regulator being closed and all other valves open, and blow 2 or 
,3 lbs. of COj through. 

When charging, carefully examine all joints as the pressure rises, 
using soap and water for the purpose. ' 

• The COj gauges on condenser and evaporator indicate on the 
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outer circle the pressure in atmospheres, and on the inner circle the 
corresponding temperatures of CO,_,. 

When fully charged, start the machine with all the valves open and 
a<ljust the. regulator (i.e., the inlet valve of the evaporator) so that the 
condenser gauge will indicate on the inner circle ■1’ to 10° above the 
temperature of tho cooling water at the inlet to the condenser, and 
the evaporator gauge 10° to 1.')'’ lielow the temperature of the brine 
or water to be cooled. 

•Under normal working conditions the compressor should be cold 
or partly covered with snow, and the delivery pipe from it should be 
rather warmer than the hand can comfortably bear. If the delivery 
pipe is not hot enough, slightly close the regulator, when the tempera¬ 
ture will quickly rise. It the compressor becomes warm, it points 
to the regulator being insufficiently open. 

Should it be impossible to secure Ihe coiiditioiiB above-mentioned, 
the system is short of gas. To further lest thi.s, clo-so tho regulator, 
and if the evaporator gauge falls rapidly and continuously, tho system 
is .short of gas If properly charged, the gauge should remain almost 
stationary for s(!veral revolutions of the machine. Besides, if sufficient 
gas be present ii; the system, the condenser gauge could hardly rise at 
all, even after working two minutes. 

When short of gas, or in doubt, in.sert more, extra gas in the 
system, up to a quarter charge, will do no harm. It will be indicated 
by the conden,ser gauge showing 20 or more degrees above the inlet 
water temperature. If tho machine be short of gas tho refrigerating 
work done will be but a fraction of its proper duty. 

'J'he temperature of the brine to bo maintained depends, of course, 
upon the I'efrigeration that is to be performed. 

The clearance spaces at the ends of the compressor being small, 
they must be manitained e(iual at both ends. 

The hydraulic leathers forming the piston packing will require 
ejtamination and removal occasionally, and it is particularly necessary 
that the nut securing these leathers should be well screwed up and 
locked. After puttthg in new leathers it is advisable, two days after 
stalling, to tighten up the nut again. 

The suction and delivery valves should be examined periodically. 
When they require re-grinding, spare ones may be put in. 

In machines with the valve seatings making double joints, see that 
both copper rings are equally crushed by the valve casing. Leakage 
at the outer joint will indicate, itself outside, but at the inner joint will 
not ue perceptible except in reducing the work done by the machine. 
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To test the work of the compre.ssor, close the regulator, when 
the evaporator gauge should be pumped down from say 25 atmospheres 
to 5 atmospheres in about 200 revolutions. If slower, either the valves 
or the pistons are faulty. 

The gland is packed with two hydraulic battens, between which a 
pressure of glycerine is maintained by means of the special lubricator 
provided. The gland should not Ix! screwed up too hard. The 
lubricator will require pumping up after some hours’ work, and when 
the piston has moved 4 in. This, however, should not occur under 
three hours if the gland battens and compressor rod are in good order. 
The lubricator valve should be open a full turn. The glycerine which 
leaks from the gland should be caught, and after filtering, used again. 
Great care should be taken to keep the compressor rofl fi'ee from 
scratches or marks, which would rapidly destroy the gland leathers. 

If short of leathers, the gland may be temporarily packed with 
ordinary tallowed packing, thus; first put in two or three turns of 
packing, then the spiral ring, and then fill up with packing, care being 
taken that the ring comes opposite the glycerine outlet when the gland 
is screwed up. 

Any glycerine passing into the compressor will be caught in the 
separator, and must be drawn off twice daily by slacking the nut at 
the bottom, and after filtering, used over again. 

All glycerine used should be free from water, acid, and dirt. 

I On the suction side of the compressor is a strainer, and, with a new 
machine, this should be taken out and cleaned after the first and second 
day, and then occasionally. ^ 

When stopping, it is not necessary to close any valves. The gauges 
will then equalise, standing at the pressure of the evaporator. Before 
stai tlng, care sliould be taken to see that all the valves are open, a safety 
valve,however, is provided to relieve the pressure should this be neglected. 

The speed will vary in accordance with the size of the machine. 

It is particularly necessary that all pipes, joints, and glands of 
spindle-valves should be carefully examined and kept tight. For the 
first few days especially they should be examined daily, and all bolts 
and gland-nuts screwed hard up. The most minute leak should be 
instantly stopped. 

To examine the compressor, close the suction smd delivery, screw 
<h)wn valves, and slack off a joint to let the gas escape. Make sure 
•all pressure is gone before opening up. ^ 

i When the machine is stopped for a week or more, the piston roci 
'Aould be withdrawn and oiled, or painted with white lead and tallow. 
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Rreezing ok Choking trp op Compression System. 

In working a compression machine considerable trouble is fre¬ 
quently experienced owing to freezing or choking up. This is caused 
by small particles of moisture entering with the gas from the com¬ 
pressor, or from the escape of glycerine or oil through the separator, 
which gradually accumulates in the system, and finally solidifies at the 
bottom of the evaporator or refrigerator coil, or at the expansion or 
regulator valve or cock. The latter place is the least objectionable, 
and as a general rule it can be cleared away by quickly throwing the 
valve open to its fullest extent. To clear the evaporator or refrigerator 
coil, a cock should be fitted to the evaporator or refrigerator ca.sing or 
shell as low down as possible, and to this should be connected a steam 
pipe or hose from any available source of supply, such os a drain-cock 
on the steam pipe to the engine. The steam should be turned on 
slowly, and the temperature of the brine in the evaporator or refri¬ 
gerator raised to about 70° Fahr., the overflow cock from the evaporator 
to the brine tank being opened. The effect of this will be to liquefy 
the oil on the interior of the coil, and it will then run down to the 
bottom of the latter where the expansion valve should be full opened, 
so as, to communicate with the condenser. If the compressor be then 
slowly started in the ordinary manner, in about half an hour the 
oil will flout to the top of the liquid and may be drawn off at the 
separator. 

In drawing off or clearing out the separator the drain valve should 
be prevented from getting too cold, as if it does so the gas will come 
away in semi-solidified foim, and there will be considerable wastage. 
The clearing out wilt be necessary about every three or four weeks, and 
lasts between one and two hours, the rise of efficiency in the machine 
being very perceptible. 

In charging a system, it is always desirable to pass the gas from the 
charging cylinder through a gas drier, so as to thoroughly cleanse and 
extract all moisture from it. This drier consists of a vessel fitted with 
a suitable inlet and outlet valve, and a drain or purging cock, and 
charged with alternate layers of chloride of calcium and cotton 
wool. ' , 

This apparatus can bo also used for the cleansing or purification 
of the gas already in the system, by connecting the outlet valve on the 
coiulenser with the inlet valve on the drier, closing the expansion and 
condenser outlet valves, and disconnecting the pipe between them, 
fheu opening the outlet from the condenser, inlet to the drier, outlet; 
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and charging valve on the tf)p of the evaporator or refrigerator, and 
by working the compressor very slowly, any impurities in the gas will 
be taken up by the calcium and cotton-wool in the drier. 

Lubrication of Refeioeratino Machinery. 

This important point, which has been already touched upon in 
previous portions of this work, is apt to be as much neglected by users 
of refrigerating machinery as it is by users of other types of machinery. 
It will be well for these gentlemen to at once dismiss from their minds 
the idea that low-priced inferior quality oils are really the cheapest, 
and understand that on the contrary not only are high grade oils 
necessary to ensure the highest eflioienoy of the machinery, but that 
they are also the least expensive in the long run. 

In refrigerating machinery the use of three diffei’ent kinds of oil is 
demanded: steam cylinder oil, oil for general use, and compressor 
pump oil. 

Oil for the steam cylinder : Gocxl cylinder oil is entirely free from 
grit, does not gum up the valves and cylinder, and does not evaporate 
rapidly on exposure to the heat of the steam. The quality of a cylinder 
oil is demonstrated on removal of the cylinder head. If the oi! is of 
good quality the wearing surfaces should appear well coated with 
lubricant, which will not show a gummy deposit, or blacken on the 
application of clean waste. 

Oil for general use on all the bearings and wearing surfaces of the 
machine proper; This may be any oil that will not gum, is not too 
limpid, possesses a good body, is free from grit and acids, is of good 
wearing quality, and flows freely from the oil cups at a fine adjustment 
without a tendency to clog. Eor the larger bearings it is well to use a 
heavier grade of oil. 

Oil for use in compressor pumps : When it is necessary to use oil in 
these it should be-what is known as zero oil, dr cold test oil, that is to 
say, that it should be capable of withstanding a very low temperature, 
without freezing, and it should be the best quality. American makers 
recommend the use of the best paraffin oil and clear West Virginia 
crude oil. 

Mr F. B. Matthews, in dealing with this subject in Power and the 
Engineer, New York, says, that in order that the oils used in the 
systeni shall not stiffen prohibitively at the low temperetures en¬ 
countered, and not be saponified by the ammonia, only very light mineral 
oils can be employed. Such oils range from 22” to 30” Bd., oorre- 
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sponding to a specific gravity of from 0’924 to 0'88. These oils should 
have a cold test of about zei'o Fahrenheit, to obtain which they will 
have a flash point of between 310° and 400° Fahr. This low flash point 
implies that a con.siderable amount of vapour will be given off at a 
much lower temperature. Since discharge temperatures of compression 
machines often approach thc.su tempcratujps, it is obvious that a con¬ 
siderable amount of oil will pass to the condenser, not as a liquid but 
as a vapour. Under such conditions, since there i.s no material cooling 
effqpt in the oil separator, only liquid oil would be precipitated at that 
point. 


Leaks in Ammonia Apparatps. 

Leaks are readily detected by the smell of the escaping ammonia 
gas when the machine is being filled ; at a later stage, when working, 
their detection is not .so easy. During the operation of the machine 
when the liquor or brine in the tanks commences to smell of ammonia 
it indicates a considerable leakage. It is recommended to test the 
liquor or brine periodically with Nessler’s solution ot otherwise. 

Nessler’s oiagent, which is the best to use for the discovery of 
traces of ammonia in water or britio, consi.sts of 17 grins, of mercuric 
chloride dissolved iu .auout 300 c.e. of distilled water, to which is added 
35 grins, potassium iodide dissolved in 100 c.c. of water, and constantly 
stirred until a slight permanent red precipitate i.s produced. To the 
solution thus formed is added 120 grins, of potassium hydrate dis¬ 
solved in about 200 c.c. of water, allowed to cool before mixing; the 
amount is then made up to 1 litre, and mercuric chloride added until 
a permanent precipitate again forms. After standing for a sufficient 
lime, the clear solution can be placed in glass-stoppered blue bottles 
and kept in a dark place. 

If b, few drep.s of this reagent be added to a sample of the suspected 
brine or water in a test-tube, or other small vessel, and the slightest 
trace of ammonia is present, a yellow coloration of the liquid will 
take place; a large quantity of ammonia will produce a dark brown. 

When the leaks ape comparatively insignificant they can be closed 
in the usual way, by solder, using as a flux muriatic or hydrochloric 
acid killed with zinc. In some instances electric welding may be 
resorted to with ^vantage, or the leak may be closed by means of 
a composition of litharge and glycerine mixed into a stiff paste, bound 
with sheet rubber, and covered with sheet iren clamped firmly in 
position. When, however, the leak is at all serious it is usually the 
better plan to at once put in a new coil, or a new length of pipe. 
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Lbaks in Carbonic Acid Machines. 

To detect these, smear the joints with a solution of soap and water, 
and any leakage of gas will be evidenced by the formation of bubbles. 
Carbon dioxide or carbonic acid being a completely inodorous gas, 
precautions are required to prevent the occurrence of leakage. If the 
joints, however, are properly made to start with, they are found in 
practice, when once tight, to remain so for yea,rs. 


Effect of a Coatino of Ice on Direct Expansion Pipes. Dbpeostinq 
Refriobratino Coils. Incrdstation on Condenser Coils. 

The effect of a coating of ice on direct expansion pipes, according 
to an authority (Mr F. E. Matthews) writing in Power and the 
Engineer, New York, may be shown as follows:—Assuming a heat 
transfer of 10 B.T.U. in round numbers per hour per square foot per 
degrefe.of difference in temperature inside and out, for a flat metallic 
refrigerating surface, and an equal amount of sheet ice 1 in. thick, 
it follows that the heat transmission through 1 sq. ft. of direct 
expansion cooling surface insulated with a layer of ice 1 in, thick will 
be only one-half that of the uncoated surface. As a matter of fact, 
it would seem from the context that the value of 10 B.T.U. given as 
the heat conductivity of ice applied to plate-ice conditions under which 
the wetted surface of the submerged ice will transmit materially more 
heat than a dry surface in contact with air. This would indicate that 
the decrease in heat-transmitting capacity of direct expansion surfaces 
in air due to a coating of ice is even more than 50 per cent. This 
condition will be partially offset by the fact that on account of the 
increasing diametef the layer of ice in the case of cylindrical surfaces 
such as pipes (which, together with the fact that such coatings usually 
present an irregular surface, further increase the heat-absorbing area) 
may increase the heat transmission sufficiently to make up for the 
lesser heat transfer between the air and dry ice, and make 50 per cent, 
at least a reasonable estimate of the loss in heat-absorbing capacity 
due to 1 in. of ice. 

‘Under average commercial conditions of intermittent frostily 
I sq. ft of direct expansion surface in air is usually credited with a 
heat trausmissiou of only from 2 to 4 -B.T.tl. per hour per degree 
difference in temperature. .i 

Brine jpipes may be readily defrosted by the circulation of !Mt 
Imine. This may be accomplished through the main feed and reifDi|»: 
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headers where the opemtion does not have to be performed very 
frequently, dr, as in abattoirs, where the exces.sive amounts of moisture 
from the hot meats to be chilled make the accumulation of fro.st very 
rapid, or by a separate set of defrosting headers. 

In the case of direct expansion coils, the dofro.sting method 
probably most satisfactory where the cold-storage temperatures are 
above 32° Fahr. is to instal sutticient coil surface to allow a part of 
the coils to be shut off at any time, so that the frost will melt without 
artificial heat, and at the same time produce a certain amount of 
useful refrigeration. If it is uece.s.sary to force the defrosting process 
by the use of outside heat, a hot gas line from the condenser may bo 
connected to the liquid line connections to the separate coils just 
inside the expansion valves. The hot gas, after melting the ice as it 
passes through the coils, returns to the compressor together with the 
return gas from the I'cmaining coils. 

Where the temperatures carried in the cold-storage compartments 
are below 32” Fahr., and in which the deirosting cannot bo effected 
without the use of artificial heat, often very objectionable, two 
methods are available, viz., that of forcibly removing the ice with 
scrapers, and that of suspending over the pipes trays of calcium 
chloridii This substance is an exceedingly deliquescent salt, which 
in absorbing moisture from the air forms a saturated calcium brine 
which freezes at a very low temperature. In trickling down ovei the 
coils, the brine melts the ice, forming a more dilute brine, which is 
then conducted away to the sewer, or, if the quantities involved 
warrant the expenditure of labour, may be evaixirated and the calcium 
chloride recovered. 

While the comparatively high working temperature of condenser 
coils, together with the usually ample provisions for draining each 
separate*coil, prevents the accumulation of such large quantities of oil 
as are often lodged in expansion coils, condenser coils are exposed 
to another .source of loss of efficiency from without, where the avail¬ 
able cooling water is abnormally hard or carries a large amount of 
suspended matter. Aramouia condensers, and e.specially steam con¬ 
densers, soon become coated with a deposit of scale or mud, which, if 
not properly removed, becomes a more or less effective insulator 
according to the composition of the deposit. The heat conductivity 
of metallic surfaces is not the same per degree difference in temperature 
at medium and low as it is for high temperatures, and it does not 
therefore follow that the resistance offered by the scale accumulating 
on the outside of atmospheric and submerged ammonia and steam 
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r^lMtdeBsers is the same as that of scale on the inside of I,, 
However, some slight idea of the extent of the loss may be- 
from the fact that in steam boiler practice, the insulating ^ecb ^l 
scale results in thermal loss corresponding to 2 per cent.^of the fad ? 
for each in. in thickness of scale. Condenser surfaces like those Of 
steam boilers, expansion coils or any other heat-transmitting surfaces, 
should be kept as free as pos.sible from deposits of foreign matter. 


Cold-Air Machines. * 

The proper management of cold-air machines i.s far simpler than 
that of those working on other principles, the exact treatment of each 
particular machine, however, varying of course somewhat with the 
make. In all machines, however, the parts most liable to give trouble 
are the valves, and these, as also the pistons and slide valves, should 
be periodically tested, and any defect pi-omptly remedied. 


TESTING. 

The object of testing a refrigerating plant is in order to ascertain 
what it is capable of performing under comparable normal conditions, 
and as regards the amount of refrigeration produced in relation to the 
expenditure of work, and the coal consumption. 

To determine the efficiency of an installation on the compression 
system, the following fittings are required, viz., an indicator, so that 
diagrams can be taken from the compressor; stroke counters, to enable 
the number of strokes made by the steam engine and brine pumps to 
be ascertained; and mercury wells, to admit of the temperatilfre being 
obtained at various points throughout the system. 

In making a test it is desirable that it should last at the very least 
for fully twelve hours, and it is better to carry it on for twenty-four* 
hours. The number of readings which it is desirable should be taken 
from the various instruments will vary in accordance with whether 
or not the work is steady or otherwise, and the person carrying oat 
tffie test will have, of course, to use his own judgment on this head, 
Where artificial ice is made, for example,"twice an hour will be snffidMi^ 
whilst on the other hand, four or more readings per hour should'be . 
taken in oases where the variation in the temperature of the materiys ’ 
to be cooled is wde. Indicator diagrams should be taken from b«jkb'„‘ 
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A meecnry well, for a horizontal pipe, when tlie latter is erf s*^- 
i^t dimensions, is shown in Fig. 398. It consists in a short piece of ^ 
bnbing closed at its lower end, and fitted into the pipe by means of a 
suitable bushing. It is filled about three parts full of mercury, and 



Fig. 398. ■ Mercury 
Well for lio' izontal 
Pipe. Vertical 
Her5ti(>n. 



Figa. 399 and 400.—Mer¬ 
cury Well for Vertical 
Pipe, Vertical and Hori¬ 
zontal Sectiona. 


the thermomelor, which kIikuU have an elongated cylindrical bulb, is 
held in pomtion therein by means of a perforated cork. For vertical 
pipes, or pipes of very small dimensions, where this arrangement would 
be impracticable, tRe well is recommended by Mr Eedwood* to be 
formed (as shown in vertical and horizontal section in Figs. 399 and 
400) -by means of a wooden or other block, one side of which is 
shaped to the outline of the pipe to which it is to be applied, and has 

* “Theoretioal and Fraotioal Ammonia Refrigeratioa.” 
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a suitable recess formed iu it. This block is firmly secured against the 
pipe by metal strap.s in .such a manner that a portion of the wall of the 
well will Ije formed by the pipe, the latter being scraped perfectly clean 
at that part. The joint between the block and the pipe must be made 
perfectly tight, which can easily be effected by means of a little white 
lead paint, as there is no pressure, and the whole should be surrounded 
by a thick layer of non-conducting comjiosition, through which the 
stem of the thermometer is permitted to project. 

The points in the system where it is desirable to locate the mercury 
wells are: —The suction pipe just at its connection with the compres¬ 
sor ; the discharge pipe, as clo.se as possible to its connection with the 
compressor; the ammonia di.scharge pipe from the condenser, as near 
the latter as practicable. Whore a brine circulation is employed 
Tbe pipe or manifold supplying the various coils or sets of pipes in the 
refrigerator; the discharge pipe of the refrigerator; the bi'ine discharge 
pipe, at the point where it connects to the refrigerator; and the brine 
return, pipe in proxinuty to where it connects with tlu! refrigerator. 

An' excess condensing pressure is invariably found in ammonia 
compression machines. This excess of the actual working condensing 
pressure over the theoretical is caused by the ammonia gas being im¬ 
prisoned in the comparatively confined space afforded by the aoils or 
pipes in the refrigerator, and the excess pressure is more marked in a 
horizontal compressor running at a high speed of, say, 140 revolutions 
per minute, than it is iu vertical ones having only a low speed of from 
35 to 60 revolutions per minute; it varies, moreover, in almost every 
make of compressor. At a low suction pressure of about 15 lbs. it 
should not be more than 10 lbs., but with a suction pressure of, say, 
27 or 28 lbs. it may ri.se to 60 lbs., or even more. 

The condensing pressure affords a means of ascertaining whether 
or not the apparatus contains the pixper full charge of ammonia, or if 
the losses sustained by leakage are sufficient to render it necessary to 
insert an additional .supply. For this reason it is advisable for the 
person in charge to keep a record in a proper book, suitably ruled for 
the purpose, of the temperature of the condensed ammonia when 
leaving the condenser, and also of the condensing and suction pressures, 
at re^ar intervals of, say, three hours. This will enable him to follow 
the state of the ammonia charge; for example, if the condensing 
pressure is found to be gradually falling during a three months’ period, 
as compared with the average condensing pressure of the previous three 
months, whilst at the same time the condensing temperature and the ? 
suction pressure remain constant, it will be evident that the charge. 
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of ammonifi ha.s become reduced by leakage to a aufficient extent to 
require replenishing. This reduction in the condensing pressure is 
caused by the diminution in the charge of ammonia giving larger con¬ 
denser spaice, the gas having thus a much more extended worm, coil, or 
tube space wherein to condense and liquefy, and hence the decrease. 
As a general rule it may be taken that, whenever the condensing 
pressure is found to have fallen about 8 lbs., enough ammonia to restore 
the original condensing pressure should be inserted into the machine. 

The following method of testing the capacity of a refrigerating 
machine is given by Mr Constanz Schmitz in the Kix und Kalte 
Indiistrie 

“ In testing ihe effective capacity and the consumption of power of 
a refrigerating machine, it has been hitherto usual to take the amount 
of heat removed per hour, and the power consumed in indicate,<l horse¬ 
power. This, however, docs not afford a satisfactory basis upon which 
to judge of the, relative moiits of machines under test. If, for example, 
the theoretical capacity of any particular refrigerating machine be 
taken, it will be ‘ound in every instance that this capacity will not be 
reached in practical working.” 

A more satisfacti ry means of comparison is furnished by the results 
obtained from a large number of caloric production and power con¬ 
sumption tests, which, however, under varying working conditions, and 
foi different sizes of the machines, will not be found to correspond. 

To avoid, therefoi'e, possible mistakes, and to facilitate the work, 
the caloric production and the consumption of power should be reduced 
to a special unit, and for this purpose the following method is 
proposed :— 

It is expressed in the followdng manner:— 

It Specific refrigerating efficiency -■ Q sp. 

That number of calories which is indicated per 1 cubic metre hourly 
volume of stroke of the compressor, in the evaporator. 

2. Specific consumption of power = N sp. 

That number of horse-power which is indicated in the air com¬ 
pressor for 10,000 calories evaporator production. 

Let a compressor iiavc, for instance, the following dimensions:— 


Cylinder diameter - 
Piston stroke 

Piston rod - - - - 

Number of revolutions per minute - 


d-250 mm. 
*=.120 „ 
S= 55 „ 
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Then its hourly volume of stroke is :— 

V=16.n.«.*-. (2(fi_S2) = 156'920 cub. metres (and .since 
cub. dm. = 1 cub. metre, also 1 litre = 1 cub. dm. we have: V 
= 166,920 litres). 

Should now the evaporator productions per hour be found by Q2 = 
63,750 Cal., the specific refrigerating efticiency of the machine will be:— 


Q sp. = 


63,760 

1,66-92 


= 406 Cal. 


Should at the same time during the calorie trial 23-7 H.P. be 
indicated in the compressor, then the specific consumption of power 
will amount to:— 


N sp. = 


m^ioo^(^_ 

63,7.60 


3-72 H.P. 


If then, in addition to this, the evaporator temperature, that is the 
mean -temperature of the volatile cold-producing agent or medium, and 
the liquefaction temperature in the condenser be given, four figures 
afford a practical demonstration of the performance of the machine in 
question. 

On the basis of these figures, refrigerating machines may Iw con¬ 
veniently compared as regards their productive (opacity. The com¬ 
parison as regards the specific refrigerating capacity Q sp. is, of course, 
only possible directly between machines constructed to operate on the 
same system, while the comparison as regards the specific amount of 
power required is rendered directly possible between machines con¬ 
structed to operate on any system. 


IntebpektatIon of Compebssoe Diaoeams. • 

The interpretation of a compressor diagram with respect to the 
working, valves, defects, &c., of the latter are given as follows by Hans 
Lorenz, in “Neuere Kuehlmaschinen,” Muenchen and Leipzig, 1899 
“ Assuming all the parts of the machine to be in good order, then 
the,diagram will have the general appearance shown in Fig. 401. The 
, suction line s is only slightly below the suction pressure line V, and the 
pressure line d is only slightly above the condenser pressure K. Small 
projections at the pressure and suction line indicate the work required i, 
. tii open the compressor valves, and the effect of clearance is shown by 
j the curve It, which latter cuts the back pressure line after the piston 
‘ has commenced to perform its return or back stroke, and cons^uehtlf 
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reduces th^ suction volume to that amount. It can also be seen from 
tiij diagram that the vapours are taken in by the compressor, not at 
<3ie back pressure, but at what may be called the suction pressure) 
which is somewhat lower. This is the reason that the compre^ion 
curve c does not intersect the back pressure line until after the piston 



Fig. 401.—Diagram from Com¬ 
pressor in good order. 



Fig. 40 *^.“Diagram from Com- 
nressor indicating an Exoes- 
live Amount of Clearance. 


has changed its oireetion of movement. The theoretical volume of the 
compressor, as indicated by the lino v, is consequently reduced in 
practisal working for vapours possessing a certain tension. 

In Fig. 402 is shown a diagram taken from a compressor having an 



Fig. 403.—Diagram from Com- 
pressor indicating Binding of 
Pressure Valve. ' 



AtMMFKcno unu 


Fig. 404 .—-Diagram from Com¬ 
pressor indicating too great 
a Resistance in Pressure and 
Suction Pipes. 


excessive amount of clearance. In this case, it wUl be «««"- ^ 

expansion line k passes through a flat course, and thereby reduces , the 

useful volume of the compressor. 

Fie. 403 is a diagram which indicates the binding of the 
valv«^ which may be due to an inclined position of tihe guide rod of the 
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valve. This deficiency also frequently causes a delay in the opening of 
the pressure valves, a state of things indicated by a too great projection 
in the pressure lino. As soon as the valve is once opened the pressure 
line pursues its normal course until the piston commences its return 
stroke, when the defect is again manifested in the back pressure line, 
as mentioned. 



Fig. 405.—Diagram from Com- 
pwssor indicating Binding iif 
Suction Valve. 



Fig. 406.--Diagram from Com¬ 
pressor indicating Leaking of 
Compressor Valve. 


Fig. 404 sliows a diagram indicating too great a resistance in the 
pressure and suction pipes respectively, when the valves are over¬ 
weighted. In this case the pressure and suction lines are at a compara¬ 
tively great distance from the condenser pressure line and the back 
pressure line. The remedy for this is to replace the valve springs by 



Fig. 407.—Diagram from Compressor indicating Defective Packing of Piston. 

weaker ones; and should there be then no marked efiect, then the pipe 
lines and shutting-off valves should be inspected and, if found necessary, 
cleaned. 

Fig. 406 indicates the binding of the suction valve, by which a 
considerable decline is caused in the pressure at the beguming of the; 
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suction, which is consequently shown by an increased projection in the ■ 
commencement of the suction lino. At the beginning of compression 
this defect makes itself felt by causing a delay in the latter, which 
effect is also shown on this diagram. 

Pig. 106 shows leaking of the compressor valves. Tn this diagram 
the projections in the compression and suction line do not appear, but 
the compres.sion line gradually merges into thi^ pressure lino, and the 
back expan.sion line passes gradually into the suction line. If the leak 
in«the pressure valve is tlui jiredoininnnt one, then the compression- 
curve will be almost in a straight line and very .steep; if, on the 
contrary, the leak iti the suction valve i.s the predominant one, then 
the compres.sion line will run a r-iither Hat course. 

Pig. 107 indicates that thii ]iiston is not well pocked, and being 
leaky, the vapours are iiermitted to pass from one side of the piston 
to the other, thus causing a v((ry gradual compression, and as a result 
a compre.ssion line having a flat course. On the other hand, a longer 
time will b(! taken Wore the suction line reaches its normal level on 
the I’cturn or backward stroke, inasmuch as the suction valve is pre¬ 
vented from opening nnlil such time as the velocity of the piston 
becomes such, tlmt the amount of .apours leaking past the piston is 
insufficient in amount to fill the suction .space. ITic jiressure then 
gradually diminishes and the suction valve begins to act, as is shown 
on the diagram. 

It is to be understood that several of the defects aliove-mentioned 
may exist at the same time. 


Absoiution Machinhs. 

Liquid anhydrous ammonia is supplied in iron or steel drums or 
flasks in which it is contained at a pre.ssure varying in accordance with 
the temperature of the liquid from 120 lbs. to 200 lbs. per square inch. 
This liquid is charged into the machine and is brought into contact 
with tlie substance to be cooled or frozen at a sufficiently low pressure 
to allow of its boiling-point being lower than the temperature at which 
the .substance to be treated has to be maintained. Luring normal 
working of an absorptioi. machine the cold strong or rich liquor, or 
aqua ammopia, .should contain about 60 per cent., and the hot poor 
or weak liquor, or aqua ammonia, about 20 per cent, of pure ammonia. 
This admits of calculating the amount of liquid required for a given 
amount of refrigeration. The pressure in the absorber is as a general 
rule maijitained at about 15 lbs. per square inch, that in the generator 
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may be anything between 110 lbs. to 180 lbs. per square inch in 
accordance with the temperature of the condensing water. To ensure 
these conditions strong ammonia liquor has to be pumped from the 
absorber into the generator, the small pump used for this purpose 
being the sole part of the system in motion, and corresponding practi¬ 
cally to the feed pump of a boiler. The strong or rich ammonia liquor 
is in as cold a condition as possible, and as its return in that condition 
to the generator would entail the consumption of more heat for evapora¬ 
tion, and a consequent larger expenditure of fuel, which entails expense, 
this strong ammonia liquor is first raised to as high a temperature as 
possible by passing it through an exchanger. In this latter the hot 
weak ammonia liquor passes from the bottom of the generator back to 
the absorber through a coil, the strong or rich ammonia liquor being 
conducted between the shell and the coil. The level of the liquor in 
the generator is maintained slightly above that of the heating coils. 
The ammonia gas driven off contains a certain amount of moisture, 
and it must be dried before j)assing to the condenser. This is effected 
in the rectifier, where the moisture in the gas is condensed by slightly 
heated condensing water and the gas merely cooled, the first returning 
to the analyser, and the second passing on to the top of the condenser 
to be condensed and liquefied. It is found advisable to further* cool 
the weak liquor in a double pipe weak liquor cooler before its return 
to the absorber. 

Amount of Watkii liKQumBD in Eefbioehatino Appahatus.— 
Vulcan Iron Works. 

For each rated ton refrigerating capacity (twenty-four hours), allow 

gals, of 70” Pahr. i^ater per minute for ammonia condenser. 

For' each rated ton ice-making capacity (twenty-four hours),* can 
syktem, with distilling and purifying apparatus, allow 3 to 4 gals, of 
70“ Pahr. water gfer minute for all purposes. 

6 to 8 tons of ice can be produced for each ton of good coal 
consumed, depending upon the sire and care of plant, ikc. 

Determination op Moisture in Air (Siebel). 

The moisture in the atmosphere may be-determined by a wet bulb, 
<^ernjiOBieter, which is an ordinary thermometer the bulb of which ia 
eaveted with muslin kept wet, and which is exposed to the air, the 
s^oisture of which is to be ascertained. Owing to the evaporation of ■ 
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the water on the muslin the thermometer will shortly acquire a- 
stationary temperature which is always lower than that of the sur¬ 
rounding air (except when the latter is actually saturated with 
moi8ture)i If t is the temperature of the atmosphere, and the 
temperature of the wet bulb thermometer in degrees • Celsius, the 
tension e of the aqueous vapour in the atmosphere is found by the 
formula— 

e = s'-0-00077 (<-<') h, 

fl 

«' beinf the maximum tension of aqueous vapour for tlio temperature 
as found in table and h the barometric height in millimetres. 

If ej is the maximum tension of aqueous vapour for the temperature 
t, the degree of saturation H is expressed by— 

h='L. 


and the dew point is also readily found in the same table, it being the 
temperature co responding to the tension r. 

, PsyCHIiOMKTRRS. 

Instead of tlie wet bulb.thermometer alone it is more convenient to 
use two exact thermometers combined (one with a wet bulb and the 
other with a dry bulh, to give the temperature of the air), to determine • 
the hygrometric condition of the atmosphere or of the air in a room. 
Instruments on this principle can be readily bought, and ai-e called 
psychrometers. If they arc arranged witli a handle so that they can 
be whirled around, they are called “sling psychrometers.” These 
penpit a quicker correct reading of the wet bulb thermometer than the 
plain psychrometcr, in which the thermometers are stationary and are 
impracticable at a temperature below 32“ Fahr., while the sling instru¬ 
ment can be read down to 27° Fahr. 

Hvobometees. 

While the terjn hvgremeter applies to all instruments calculated to 
ascertain the amount of moisture in the air, it is specifically used to 
designate instruments on which the degree of humidity can be read off 
directly on a scale without calculation and table. Their operation is 
based on the change of the length of a hair or similar hygroscopic sub¬ 
stance, under different conditions of humidity. 
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Th« hygrometer of Marvin is a sling psychrometer of improved 
construction. 
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Table giving weights of aqueous vapour held in suspension by. 
100 lbs. of pure dry air wlieii saturated, at different temperatures, and 
under the ordinary atmospheric pressure of 29'9 in. of mercury {^Jiox 
mid TA(jhtfo<ti). 


'I'cinperdUirc. 

Weight of V.ipinn. 

'rciiipetalure. 

Weijihl of Vapour. 

Fahi. degs. 

l.bh. 

Fahr. degs. 

Lbs. 

-•2U 

(imvi 

102 

4-547 

10 

0 0574 

112 

6 "253 

0 

0-091S 

122 

8-584 

1 lu 

0-1418 

132 

11-771 

20 

0-22G5 

142 

10-170 

32 

o-;m 

152 

22-405 

42 

0-.701 

162 

31-713 

1 ,-i2 

0-819 

172 

40-338 

02 

1-179 

182 

71-300 

72 

1-H80 

192 

122-843 

89 

2-31)1 

202 

280-230 

92 

3-289 

2i2 

Infinite 


.V^.Z/.'“The weight in lbs. of the vapour mixed with 100 lbs. of pure 
air at any given h'mperature and pressure is given by the formula :— 

62-3 E 29^9 
‘29-9- F/ p ’ 

where K--elastic force of the vapour at the given teuiperatui'e, in , 
inches of mercury (to te taken from tables), 

= absolute pressure in inches of mercury, 

= ‘29'9 for ordinary atmospheric pressure. 


•Electkical Temi’Eratiibe Teei,-Tales and Long Distance 
Tubbmometebs. 

At the West Smitlifield Cold Moat Storas a system of electric tem¬ 
perature toll-tales, designed by Mr C. E. Vernon, were put in in 1896. 
These electrical theriuomelers were on the multiple-wire system. Six 
wires, in conjunction with a Breguet spring or compound coil of hard 
brass and steel connected by a suitable link to an index hand or pointer, 
were required for a range of 11° Fahr. with six points of contact with 
the instrument in the chamber, and a six-drop indicator in the engine- 
room. Eleven wires were r-equired for a range of 20° Fahr., and it is 
evident that for a wide range the multiplicity of wires would form a 
seriou." objection. 
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On the three-wire system the same compound coil of hard brass 
and steel was used. Instead, however, of a connecting link and movable 
hand or pointer, the loose end of the coil had attached to it at a given 
distance from an electromagnet a small bar of iron, and by reason of 
the unequal expansion and contraction of the two metals the distance 
between tbe bar and the magnet will vary in accordance with the tem¬ 
perature, and the amount of current required to draw down the bar to 
the magnet will be measured by the ampere-meter. The construction 
of this latter is such that on the bar touching the magnet a second 
circuit would be completed and the hand of the ampere-meter stopped 
at a given point. The ampere-meter is calibrated and marked off into 
degrees Fahrenheit, and a wide range in temperature is obtainable with 
only thiee wires readable at any distance and accurate to within a 
degree. 

A long distance thermometer which has been extensively used in 
cold stores is that devised by Mr A. P. Trotter. In this instrument a 
blind stew is placed alongside of the elongated capillary stem, the 
former having at its further end a scale tube corresponding exactly to 
that of the main thermometer. The action of this is that whatever 
variation in reading was produced by the varying temperatures passed 
through by the elongated capillary stem, the blind stem suffered like 
alterations of temperature, and a shifting scale adjusted by a thumb¬ 
screw was in this manner established by means of which the fluctuations 
of the main instrument were accurately compensated for. 

The Theemogbaph. 

The thermograph or registering thermometer is a very useful instru¬ 
ment which enables a rtcord to be kept of the exact temperature of a 
cold stoPe. On an ordinary pattern of instrument the record paper or 
card is secured round a drum or cylindrically-shaped body, so arranged 
that it will be slowly rotated by a train of clock-work, which takes two 
weeks to run down, performing in this space of time one complete 
revolution. The diameter of the drum is 3J in. and tiie record fits,it 
accurately, the ends butting. 

Upon this record card or paper there rests gently a sloped pen 
Holding about a drop of ink, this pen being suspended on a slender 
arm attached to the base of tbe instrument, and the mechanism being 
of suph a nature that the slightest rise or fall of temperature will affect 
ii, and will raise or lower the pen resting against the record paper or 
Ciird upon the drum or cylinder. 
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The ink line will stai li from the top and thus indicate when the 
inatrumeilt was placed in the cold store or room, and the temperature 
will fall very rapidly at first and afterwards more gradually approximate 
itself to that of the store. 

The record paper or card is ruled with horizontal lines showing 
the temperature in degrees, and with vertical lines showing the days 
for a period of two weeks, each day being divided into six watches of 
four hours each, viz., midnight, 4 and 8 a.m., noon, 4 and 8 p.m., and 
nvdnight again. At the termination of every two weeks, the record 
paper or card, now forming a thermograph chart, must be removed, 
the clock work of the instrument be re-wound, and a new record paper 
or card placed in position on the drum or cylinder. 


The Telethermometer oh Electrical Thermometer. 

The telethermometer or electrical thermometer is an instrument 
invented by Mr Chatwood and made by Messrs Nalder Brothers 
(fc Thompson, Ltd., London, for measuring the temperature of cold 
stores or rooms by means of electricity. The apparatus is of the 
resistance type and consists of two main parts, viz., a resistance or 
temperature coil of fine wire and an indicator. The former, calibrated 
and encased in metal tubes open at the ends, is placed at a number 
of suitable parts in the cold store or room, and the latter, together 
with a multiple circuit switch, in the ofiice or wherever it is desired 
to take the readings, and are connected by lead covered wires carried 
along the walls. A fine wire resistance placed across the 250 volt 
supply mains admits of a current at 30 volts being obtained from the 
terminals on this resistance. The indicator is calibrated directly in 
degrees Fahrenheit, and as the multiple point switch is shifted from 
one ‘contact to another the temperatures can be read off on the 
indicator dial. The instrument works on the Wheatstone bridge 
principle, the temperature coil being one of the arms, and the other 
arms and the galvanometer being contained in the indicator case. 
The galvanometer is pf the moving coil type, so that when a voltage 
is applied to its terminals the indications are proportional to the 
change of resistance due to the variation of the temperature of the 
coil. The scale is practically evenly divided over the whole range, and, 
as brfore stated, is calibrated to read directly in degrees Fahrenheit or 
Centigrade. To operate the instrument a pressure of about 30 vedts 
continuous current is required, and this can be obtained, as above 
mentioned, either by tapping from a high resistance placed aimosB the 
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■ lighting mains or through a hand operated magneto generator. The 
instrament i.s rendered independent of the applied voltage by means 
of an eleetro-magnetic controlling device located within the ease, and 
variations of the pressure of the mains, or of the speed of the, magneto 
generator will be automatically (-ompensated for by this device. The 
temperature of any requii'ed number of difl'erent rooms can be read 
with one indicator at any desired point, provided each room be 
provided with a temperature coil from which leads are carried to the 
indicator, and, moreover, as the instrument is a rapid dead-beat one, 
different temperature^! can be read off successively without delay. The 
system is claimed to be simple, convenient, and accurate, also that a 
considerable saving of time can be effected by the use of the instrument 
when the temperatures of .several different rooms have to be recorded 
at regular intervals. 

The makers of this electrical thermometer guarantee the accuracy 
of the instrument to within a very small error. 


LniiiTiNG Cold Si'ours. 

It is desirable that daylight should not be allowed to enter a cold 
store, and therefore artificial light is usually resorted to, electric light 
being preferably employed, owing to there being practically an absence 
of heat therefrom. 

Incande.scent lamps should be always used inside the cold stores, 
but arc lamps may be placed, if desired, in the (mgine-room, and 
employed for the external lighting of the premises. Lower voltage 
lamps are the most durable, and serve the purpose quite as well as 
those of a higher voltage. 

The mains should be kept as far as practicable in the corridors; and 
tinned cables of high conductivity and with rubW' insulation should 
be employed. 

Iron piping, steel conduits, or wood casing may be used for carry¬ 
ing the main cables, the latter being the cheapest both in cosjt of 
material and in fixing, and also lending itself more readily to any 
subsequent alterations that may become necessary. Steel conduits, 
however, possess several important advantages. The steelarmoured 
insulating .conduit material now much used is installed in a similar 
manfier to ordinary gas-pipe construction, the principal difference in 
electric piping being that specially insulated boxes, bends, elbows, &c., 
are substituted for the ordinary tees or angles of a gas-pipe system. 
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The use of,th6 conduit system ensures a mechanically and electrically 
protective duct for the installation of the electric conductors. 

When wood casing is used, the interior should be painted with 
asbestos paint, and the cover fixed with brass screws on each edge, not 
in the central fillet. 

Iron piping has an internal lining of suitable Insulating material, 
and is, as a rule, coated with a bituminous compound of some descrip¬ 
tion intended to act as a preservative. 

There are two systems of carrying out wiring now in use, viz., the 
tree system, and the distributing-toard system. 

In the first of these, or the tree sy-stem, two main cables are carried 
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-* Fig. 408.—Diagram illustroting Arrangement of Electric Lighting on the 
Series Circuit System. 



Fig. 409 .—Diagram illustrating Arrangement of Electric Lighting on the 
Parallel Grouit System. 

through the building, the branch circuits being all taken from there 
cables or mains. In the second, or distributing-board [system, a main 
jwitchboard is placed close to the dynamo, from which main switch¬ 
board cables are carried to supplementary distributing boards located 
at convenient points, from which the lamps are wired. 

An obvious advantage 01 this latter plan is that all the joints are 
readily get-aUble, being at the distributing boards and fittings. The 
inBulgti on of the cable is left completely intact. 

In Aying wood casing all joints should be united, and no sharp edges or 
•comers left for the cable to pass over. The casing is ordinarily se^ 
: W^ws to the walls, floors, and orilings, and either on the surfuee, 

' ' *37 
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partially sunk, or sunk flush therewith. In very damp ^situations, 
however, the casing should be supported, so as to be clear of the 
surfaces, by means of small porcelain insulators. 

The circuits may be arranged either on the series system or on the 
parallel arrangement, the latter being the most common, and the former 
being, as a rule, only employed where n number of arc lamps are used. 
The series circuit and parallel circuit are shown in the diagrams 
(Figs. 408 and 409), the dynamos, main cables, lamps, and switches 
being indicated thereon. ' 

In the series circuit the current is maintained constant in value, 
the difference in pressure varying with the work on the circuit.. 

In the parallel circuit all the lamps are connected as separate 
paths between the two main leads, each path being quite independent 
of the other paths. The difference of electrical pressure is maintained 
constant, the current varying with the work that is on the circuit. 
The switching off of a lamp causes a break in the wires connecting the 
lamp to the circuit. 




CHAPTER XXI 
COST OF WORKING 

Main Items of Expense—Aimorption MacUines—Compiession Maelunes—Vacuum 
Machines—Cold-Air Machines—Cost <}f Ice-Making, 

The co.st of producing cold with any of the hereinbefore-de-scrihed 
machines mu.st of necessity vary in different localities in accordance 
with the prices of material and labour, and even in the same district 
with the fluctuations in the market, consequently any estimates made 
thereof can only apply to the particular case in point, and in others 
can bo taken n. approximiite only. 

The main items of expen.se in the production of cold by artificial 
means are fuel and .skilled and other labour for operating the 
machinery, and in the manufacture of ice, for handling the latter. The 
degree of economy of working to which the apparatus has been brought, 
and the point to which the operation thereof has been rendered 
automatic, will naturally tend to minimise the cost of the production’ 
of cold and of ice-making, and the latter will also vary inversely with 
the power of the machine, as the consumption of fuel and the number 
of attendants necessary to work the machinery do not increase in a 
ratio corresponding to the size thereof, and consequently those having 
the, larger outputs require proportionately fewer operatives. The 
saving, moreover, under this latter head is the greatest in the more 
expensive skilled labour. For instance, an ammonia machine on either 
the absorption or compression principle, with a capacity of 1 ton of ice 
per twenty-four hours, requires the services of two engine-drivers and 
two labourers; whilstf the same number of attendants can likewise work 
a 2 or a 5 ton machine, and the addition of a single labourer will be 
Bulficient for either a TJ, lO; or 12 ton machine, and of three labourers 
for a 28-ton machine. The same skilled attendants are sufScient for 
a machine having an output of Sd tons per tsfenty-four hours. 

According to calculations made’ by Mr F. Colyer, M.InstC.E., in 
1884, from observations of the working of a Pontifox-Wood ammonia 
absorption machine of a capacity of 20 fons of can ice per twenty-four 
* Vs 
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hours, th'' cost of making ice, taking coals at London price, waf 4s. 9d. 
per ton. If, however, two machines were used the price would be reduced 
to 3s. 6d. per ton, and with coals at Glasgow price the cost would be 
further lowered, and would stand respectively at 3s. 7d. and 28.’10d. 

The cost of cooling water 10” by the same machine he estimated to 
be '16 of a penny per barrel cooled. 

The calculations from which these figures were deduced include the 
cost of labour, coals, water, oil and sundries, repairs, loss of ammonia, 
5 per cent, interest on capital invested, and an allowance of 4 per cent! 
for depreciation. 

The cost of producing clear block ice in this country with an 
ammonia machine working on the absorption principle is given at a 
somewhat higher figure* by Mr Lightfoot, viz,, for a machine of 15 
tons capacity per twenty-four hours about 48. per ton, and this 
estimate, moreover, is made on the assumption that good coals can be 
obtained at\15s. per ton, and is exclusive of any allowance for repairs 
and depreciation. 

The cost of producing ice with a Pontifex-Wood improved ammonia 
absorption machine is stated by the makers to be, for a machine having 
a capacity of 24 tons per twenty-four hours, allowing for labour, coals, 
oil, chemicals, and water (taking coals at 10s. a ton and water at'fid. 
per 1,000 gallons), 2s. 0|d. per ton. With coals at 20s. a ton it rises, 

' however, to 28. lOJd. per ton. For a machine with a capacity of 15 
'tons per twenty-four hours, it is respectively, with coals at the above 
prices, 28. 7fd. and 3 b. 7|d. per ton. For a machine with a capacity 
of 9 tons per twenty-four hours, 3s. 4d. and 4s. 5|d. per ton. For a 
machine with a capacity of 6 tons per twenty-four hours, 4s. 6Jd. and 
,6s. 8d. per ton. And for a machine with a capacity of 4 tons per 
twenty-four hours, Ss. and fis. 3d. per ton. 

According to Mr Lightfoot t the action of, and losses experienced 
in working an ammonia absorption machine are as follows:— ■ 

“Assuming the action of the economiser to be perfect—which, of 
course, is a condition never met with in practice—all the heat given 
, out by the steam in the generator-coils would be found in the watbr 
lining from the condenser, less that portion directly lost by radiation 
and conduction. In this case the total heat expended would be that 
required to vjqiorise the ammonia, and the water, which, in the form 
, 0 ^ stwm, unavoidably passes ofif with the ammonia to the rectifier and 
' ipofidenser: plus the heat lost by radiation and conduction. In the 

• ProceedtsgS, /nsHttUion of Mechanical Engineers, 1886 , p. 221 . 

+7t«.. 1888, pu. 220, 221, 
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refrigerator the liquid ammonia in becoming vaporised will take up 
the preeise quantity of heat that was given off during its cooling and 
liquefaction in the condenser, less the amount due to difference m 
pressure, and less also the small amount due to the difference m 
temperature between tlie vapour entering the condenser and that leav¬ 
ing the refrigerator. Again, when the vapour enters into solution with 
the weak liquor in the absorber, the heat taken up in the refngerator 
is given to the cooling water, subject to slight corrections for differences 
of pressure and of temperature. Supposing there were no losres there- 
*fore, the heat given up by the steam in the generator, plus that taken 
up by the ammonia in the refrigerator, would be precisely equal to the 
amount taken off by the cooling water from the condenser, plus that 
taken off from the absorber. The sources of loss are : inefficiency ot 
the economiser; radiation and conduction from all vessels and pipre 
that are above normal temperature; useless evaporation of water which 
passes into the rectifier and condenser; conduction of heat into aU 
vessels and pipes that are below normal temperature; water passing 
into the refrigerator along with the liquid ammonia. 

“It will h-ve been seen that the heat demanded from the steam is 
very much greater in the absorption system than in the comp^iom 
This is chiefly due to die fact that in the absorption system the heat 
of Vaporisation acquired in the refrigerator is rejected in the absorber, 
so that the whole heat of vaporisation required to produce the ammonm 
vapour prior to condensation, has to be supplied by the steam. In 
the compression system the vapour passes direct from the refrigerate 
to the pump, and power has to be expended merely m raismg t^ 
pressure and temperature to a sufficient degree for 
Ln to occur at ordinary temperatures. On the other hand, a g^ 
advantage is gained in the absorption machine by using the dirte 
heat of the steam without first converting it ^“*0 
for in this way its latent heat of vaporisation can be util^ by com 
densing the steam in the coils, and letting it e^pe m ^ 

water Bach lb. of steam passed through can thus ^ ^ 

UP some 950 unite of heat; while in the steam-usmg being . lbs. ol 
c^l per indicated horse-power per hour, about 
utilisS per lb. of steam, without allowance for mechanical ineffioi^. 
S tCaLrption machine also the cooling water has to take up abo^ 
twice as touch heat as in the compression system, owing to ^ 
ammonia being twice liquefied, namely, onre in the «>nde^ ^ 
once in the absorber. It is usual to pass the condensing wate fit«t 
tittough the condenser and then through the absorber. 
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, The cost of ice-production with machines of the ammonia com¬ 
pression type is somewhat less on the whole than with those working on 
the absorption principle. 

The estimate given by the Pnlsometer Engineering Co. as the 
approximate amount per ton of clear or crystal ice is—cost of coals, Is., 
all labour, including that of getting the ice out of the tanks. Is. 3d., 
and cost of ammonia lost through leakage, ikc., Jd. per ton of ice 
made, or a total cost of 2s. 3|d. per ton. If an allowance of, say, 
lOd. per ton be added to this for interest and depreciation, repail’s t(j 
machinery, cost of water supply and sundries, this would increase the 
cost of production to about 3s. 2d. per ton. 

Mr Lightfoot states* that one ton of coal is capable of producing 
as much as 12 tons of ice in well-constructed ammonia compression 
apparatus, having a capacity of 15 tons per twenty-four hours; and 
with coals at 158. a ton, he estimates the cost of making ice by the 
ammonia compression system at about 38. 9d. per ton for a pro¬ 
duction of 1,5 tons per twenty-four hours, exclu.sive, however, of any 
allowance for repairs and depreciation. 

The estimate given for the total cost of ice per ton, made by a Frick 
ammonia compression machine, is, for a daily production of 15 tons, 
5s. 2d. per ton of ice. The calculation, however, is got out at the 
much higher rate of wages paid in America, and if due allowance be 
made for this, and also for the falling off in efficiency of the machine, 
due to the greater heat of the climate in summer, the cost per ton 
‘in this country would probably be something under 4s. If the capacity 
of the machine be 100 tons of ice per day, the cost per ton falls tc 
3s. lid., or allowing for the larger item for labour, about 2s. lOd. here. 

In an ether compression machine Mr Lightfoot accounts for the 
wprk as follows: t—Friction. , Heat rejected during compression, 
Heat acquired by the refrigerating agent in passing through the puoip, 
Work expended in discharging the compressed vapour from the pump, 
Against this he sets the work done by the vapour in entering the pump. 
Assuming that vapour alone enters the pump, the heat rejected in the 
condenser he states to be:—Heat of vaporisation acquired in the refri 
, gerator, with the connection necessary for difference in pressure. Anc 
the heat acquired in the pump less the amount due to the difference 
between the temperature at which liquefaction occurs and that ai 
which the vapour entered the pump, and less 'also the amoiint lost by 
radiation and conduction between the pump and the condenser. 

• Proceedings, Ivotitution of Mechanical ®iyirieers,1886, p. 221. 
t Ibid, 1888, p. 214. 
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The mechanical work expended in compressing ammonia is to be 
accounted'for in a precisely similar manner to that expended in the 
compression of ether. 

Notwithstonding, however, that the degree of compression is so 
much greater with ammonia than with ether, the energy expended in 
the compression, heating, and delivering of the gas is less, owing to 
the much smaller weight of ammonia required to produce a given 
refrigerating effect, the weights being in the reverse ratio of the heats 
of,vaporisation, or as 1 to 5'45. For this reason the cost of making 
ice with ether is far higher than with ammonia, and assuming the coal 
consumption per I.H.P. to be 2 lbs. per hour and the price of 
coals ISs. a ton, the total cost of producing transparent block ice in 
this country on the ether .sy.stem would be about 6a. per ton, exclusive 
of any allowance for repairs and depreciation. The production of ice 
would be about 8'3 tons per ton of coal consumed. 

On the other hand, however, as already mentioned, ether machines, 
by reason of their low working pressures in the condensers, offer con¬ 
siderable advantages in hot climates, especially in the case of machines 
with small outputs. 

The expense of producing ice with the Tellier and Pictet machines 
is about the same. The results obtained with Pictet’s special liquid 
(combination of carbon dioxide and sulphur dioxide) is stated to equal 
a production of 35 tons of ice per ton of coal, but this is in all 
probability far in excess of any result obtained in actual working. 

It wiU be obvious that the arrangement made for the use of any 
particular machine acting on the principle of the abstraction of heat 
by the evaporation of a separate refrigerating agent of a more or less 
volatile nature, must have a very considerable effect upon its econo¬ 
mical working, and it is doubtless owing to the superiority of the fixing 
and nianipulatioi\ of the installation that so much better results are 
occasionally obtained in one case than in another, as, these things being 
equal, all first-rate machines of this class are about the same in point 
of economy. In relation to this it must also l»e borne in mind that 
the thickness of the blocks of ice that are being made exercises an 
important influence upon the time occupied in their production, for 
whereas a block 3 in. thick can be frozen in eight hours, a block 9 in. 
in thickness will require thirty-six hours. The time varying also, of 
course, more or less with the temperature of the brine. 

The cost of making a ton of opaque and porous ice with a vacuum 
machine such as the Windhausen is estimated * by Dr Hopkinson at 4s. 

* Journal of the Society of Artt, 1882, vol. xxi, p. 20. 



584 REFRIGERATION AND COLD STORAGE. 

The amount of water required (including that used for cooling pur¬ 
poses) is stated* by Mr Keper to be from 10 to 12 tons ^r ton of 
ice produced, and the fuel consumption 1 ton of coal for every 12 tons 
of ice. The fuel is required for the generation of steam to drive the 
vacuum pump and the air pump of the concentrator. The total heat 
which must be abstracted to produce a ton of ice from a ton of water 
at a temperature of 60° Pahr. is 382,144 units. The Windhausen 
machine is heavy, and takes up a considerable floor space, and the 
necessary outlay for keeping it in an efficient state of repair, even under 
the most favourable circumstances, must be high. 

The cost of making opaque ice by means of the Harrison (1878) 
patent vacuum apparatus would undoubtedly be lower than with the 
Windhausen machine, as the larger part of the friction, which forma a 
very considerable item of the loss in the latter, is got rid of, and a 
corresponding saving of fuel is thus effected. The expenditure of fuel 
for concentrating the acid is also entirely eliminated, much less water 
is require(l for cooling purposes, and the flrst cost and subsequent out¬ 
lay for repairs, ikc., are likewise much less. It is stated that the 
inventor expected to be able to produce opaque ice on a large scale at 
a cost of about Is. per ton. 

The outlay per ton of ice made on the system of abstracting the 
heat by the rapid melting or liquefaction of a solid is the greateA, and 
so much so tliat for producing ice on a commercial scale in this climate 
it is completely out of the running. The cost of making 15 tons of ice 
per twenty hours, with an apparatus working on a substantially 
similar principle to that of Sir William Siemens’, is stated to be Ts. 
per top with good coals at 15s. a ton, and not making any allowance 
whatever for depreciation, interest, repairs, (fee. 

' This estimate, moreover, is based upon the erroneous assumption 
that I lb. of coal is capable of evaporating 20 lb$. of water, and it is 
•undoubtedly far too low. According to Mr lightfoot: t— ■ 

“ Nearly the whole of the coal is used for evaporating the water in 
recovering the salt, the quantify being given at 2^ tons of coal for 
every 15 tons of ice. If, however, this has been calculated on an 
evaporative duty of 20 lbs. of water per lb. of coal, the amount 
.actually used will -probably be about 5 tons of coal, which would m«^e 
the cost per ton of ice 9s, Sd. instead of 7 s. On the other hand, it 
must be remembered that under certain climatic conditions much of 
Ihenwater could be evaporated in the open air, without the use c£ fuel, i 

* Trmtaetiom of the Society of ISnyineere, 1882, p. 145. 

t ProetedmgitJnttitviiom of Mechanical Engineers, 1886, p. 204. 
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in which case the coal consumption, and therefore the cost of ioe^ 
production, would be greatly lessened.” 

As regards the capacity, &c., of cold-air machines, those of the Haslam 
type vary from an ice equivalent of one-third of a ton, requiring 4 LH.P. 
at average speed, or 91.H.P. at maximum speed, and delivering 2,000 cub. 
ft. per hour (capacity of compressor in cubic feet per hour, 2,600), up to 
an ice equivalent of 60 tons, requiring 460 I.H.P, at average speed, or 
666 I.H.P. at maximum speed, and delivering 300,000 cub. ft. of air 
per hour (capacity of compressor in cubic feet per hour, 353,000). This 
laker machine is of the quadruple duplex condensing type. 

It has been stated * by Mr Lightfoot that with the best machines 
of large size then (1886) made, a weight of 1,000 lbs. of air per hour 
could be reduced from 60° above to 80° below zero, the cooling water 
being at 60° Fahr., with an expenditure of about 18 I.H.P. That is to 
say, that an abstraction of 916 units of heat is effected to each pound 
of coal used, with an engine consuming 2 lbs. of coal per I.H.P. per hour. 

The results of later test experiments made with Messrs F. & W. 
Cole’s “Arctic” dry cold-air machines will be found on page 244. 

For Haslam’; formula to enable the amount of air delivered by a 
cold-air machine per hour to be ascerl ained, the revolutions and size of 
the compressor being known, see page 246. 

OoMPABisoK OP Coal Consumption by Various Machinp.8 

{dardiutr T. Voorheei). 

Net Tons of 
Ice, per 
Ton of Coal 

Ckimpresaiou, simple Corliss engine, non-condensinq 6*1 

Compression, compound CorliM engine, non-ccn- 

densing 8*3 

Absorption, liquor pump ftod auxiliaries not ex- 
• bausting i^to^enerator, simple non condensing 

engine 10*0 

Compr^sion, compound condensing engine - 11*2 

Al:»orption, liquor pump and all auxiliaries ex- 
haustinc into generator, simple Corliss engine, 
non-oondensing - - • • - 13*3 

OomproBsibn and aMOJption, simple Corliss engine, 

non-oondensing - • - • - 13*4 

Compression and absorption, compound engine, 

non-oondensing - . • • - 16*0 

The following tables giving the approximate cost of ice-making in 
Ibe United States are respectively by the Frick Co. and the Triumph 
Ice Machine Co.:— 

Proceedtnys, hi^ituiwn of Mtchnnico^ 1886, p. 230. 


Per cent, of 
Ice hy 
Absorption 
Machine. 


67-6 

60*8 




MasttfactubE.—Appeoximate Cost of Opeeatiko Ice Factoeies (Feick Co., U.S.). 
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CHAPTER XXII 


THE PRODUCTION OF VERY LOW TEMPERATUPES 

Early Investigators and Experimenters—The Cascade System—The Regenerative 
Method—Properties of Liquid Air—Physical Constants of Liquefied.Gases. 

Eably Invkstioatoks and Experimenters. 

The Cascade System. 

The first fexperimenters in the liquefaction of gases were Mouge and 
Clouet'before 1800, who succeeded in liquefying sulphur dioxide; 
Northmore in 1805, who liquefied chlorine and sulphurous acids; 
Faraday, 1823, who liquefied chlorine sulphuret of hydrogen, carbon 
dioxide, nitrons oxide, cyanogen, ammonia, and hydrochloride acid. 
Habrier, Natteur, Andrews, and Siemens, the latter making, ih a pro¬ 
visional application filed in 1867, the suggestion that refrigeration 
might be produced by expanding a compressed gas either in a cylinder 
doing work or freely to a lower pressure, and using this cold gas to 
cool before expansion the gas coming to the apparatus. This, it will be 
seen, is the basis upon which the latest investigators have proceeded, 
and which has admitted in the closing years of the last century of the 
liquefaction of all gases being effected. 

In 1878 Cailletetand Pictet, working quite Independently, of each 
other, succeeded in liquefying certain of the so-called permanent gases. 

The method, employed by the first was to compress the gas under 
very high pressure, cool it moderately, so that it was still above its 
critical temperature, and then allow it to expand suddenly by opening 
a cook or valve by which the pressure on the gas was relieved, doing 
work -against a column of mercury which formed the equivalent, of a 
piston for compressing the gas. In this manner the gas cooled iterif, 
the expansion being sudden and almost adiabatic, and the temperature; 
was reduced below the critical point, whilst the pressure was stflSii; 
'sufficiently high to liquefy the gas at the temperature which it hadi. 
then acQuired. 

s«8 
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Cailletet in the above manner experimented with various gases, 
amongst oiJiers nitrous oxide or laughing-gas, acetylene, and carbon 
monoxide, and succeeded in obtaining a mist of hydrogen. He was the 
first to use liquid ethylene as a cooling agent. 

The second, or Pictet, on the other hand employed what 
styled the cascade or successive cycle system, and is described by 
Professor Ewing as follows: 

“The general idea of this method is illustrated m J?ig. 
Ima^ne a refrigerating agent, such as carbonic acid, to have been 


Ethylene Oxygen 



Fie 410 -Diagram illustratiiig the Cascade or Successive Cycle System of 
*■ . producing Very Low Temperatures. 


compressed and to expand through a valve into the chamber a, where 
ttZXtes. In the example, as sketched, it is evaporating into the 
Losphere. When carbonic acid evaporates fr^ly ^ 
t&lls to a temperature of about - 80” Cent. It could be m^e to go 
dr more loww by u^ing an ,air pump to preserve a partid vacuum 
a the chamber j but, assuming the pressure a to be atmosj^eric, the 
iZraturetheliwiUbeabout -80” Cent. Now, we may u^this as the 
xmtosing temperature of some other volatile matenal. The m^nid 
indicated in the sketch is ethylene, which was not used by 

■ ‘ Jmnud <if the Socisly of Arte, 17th September 1897. 
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Pictet, but has come into use subsequently and has done good service 
in the hands especially of Professor Dewar. It forms a convenient 
intermediate link between the comparatively easily liquefiable carbonic 
acid and the much more difficult oxygen. Ethylene has a critical 
temperature of -10° Cent., and needs only moderate pressure to liquefy it 
when exposed to a temperature of - 80° Cent. It is pumped at the 
necessary pressure into the inner vessel at a, and is there liquefied and 
passes through an expansion valve to the outer vessel at b, where it 
evaporates. The pressure in B is auppo.sed to be kept at something 
not much over 1 in. of mercury, and in that case the temperature 
reached by the ethylene in evaporating will be -130° Cent. After expan¬ 
sion it is re-compressed, so that the part of the apparatus in which the 
ethylene is carried through its cycle may simply be regarded as a 
separate vapour compression refrigerating machine, the same as the 
ordinary machine using ammonia or carbonic acid ; B is the refrigerator 
and A is the condenser. 

“ The remainder of the apparatus is another .similar machine, using 
in thh case oxygen as its working .substance, and with b as its condenser. 
The critical temperature of oxygen is about - 150° Cent., and as the 
temperature in b is lower than that, the oxygen liquefies when com¬ 
pressed into the inner vessel at B. A moderate pressure of 20 or 30 
atmospheres suffices. The liquid oxygen may be passed through a 
valve and evaporated again in the vessel c, and in that way a tem¬ 
perature of - 200° Cent, or lower can be reached, the temperature, of 
course, in this last vessel depending on the pressure in it, and con¬ 
sequently on the rapidity with which the pump worked. By working 
the pump tolerably fast to preserve a good vacuum in c, we can get 
down to something like -320°, or even -225°, Cent., a temperature 
which is no very long way above the absolute zero -273° Cent. In 
Pictet’s cascade of successive cycles, the substances used were sulphurous 
acid and carbonic acid. The ethylene is a useful addition, as giving 
readily a temperature considerably below the critical point of oxygen. 
Without it, hewever, Pictet succeeded in liquefying oxygen by the 
device of letting it suddenly escape when under high pressure, and 
after being cooled as far as the carbonic acid would cool it.” 

il^urther experiments, made during the next decade by the two 
Polish chemists, Wroblewski and Olszewski, working together and 
using Cailletet’s type of apparatus, and latterly Pictet’s cascade system, 
for cooling the compression tube, confirmed the results obtained by 
Cailletet and Pictet on hydrogen in 1884. 

In this year (1884) Professor Dewar demonstrated at the' Royal 
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Institutioij that liquid air could be produced by the use of solid carbon ’ 
dioxide and nitrous oxide as cooling agents, giving -184 Fahr. 

(-120° Cent.). With a compression to 200 atmospheres, and subsequent 
expansion; about 5 per cent, of the air compressed was liquefied. 

Professor Dewar also devised the vacuum flasks for holding liquid 
gases which bear his name, and which consist of two glass walls with a 
sealed space between from which the air has been completely 
exhausted, and which consequently acts as the best possible insulator. 
BjT the addition to the vacuum-jacket of a film of mercury spread 
over the surface of the glass on the inner side of the outermost 
wall, a bright surface is produced which reduce,s the absorption 
of beat by the latter, and permits much less radiation to pass through. 

' This vacuum vessel enables the rate of evaporation of a liquid gas to 
be reduced from one-fifth to one-sixth of that which would take place 
in the open air, and if the inner wall be coated as above described 
with mercury to form a heat mirror, the heat evaporation will then 
be only from one-twenticth to one-thirty-third that of the free rate. 
Until quite recen'ly these flasks were the means by which liquid gases 
were handled ami maintained in a static form. 

Subsequently Ol.ieew.ski, after Wroblewski s death in 1888, replaced 
the glass tube of Cailletet by a steel one fitted with a stop-cock, 

and obtained enough liquids to be handled in Dewar flasks. 

Discarding after a time the Cailletet apparatus, as altered by 
Wroblewski, Dewar employed the Pictet apparatus, using, however, 
pumps to compress the gases previously made, and force them into the 
liquefying chamber, and ho also employed ethylene m place of carbon 
dioxide, placed the draw-off cock within the cooling chamW, and 
stai later adopted the regenerative principle suggested by Siemens 
for cooling the chamber in the case of hydrogen hque action In 1895 
Dewar demonstrated that air in the liquid form could be frozen to a 
jelly-like-'solid by the expansion method, this jelly proving to be a 
mass of nitrogen with the liquid oxygen of the air contained in the 
interstices; tL solid air melts instantly on contact with the atmo- 
snhere In 1896 he effebted the production of a jet of liquid hydrogen 
by means of the expansion of the cooled and compressed gas, and 
bVthe use of this hydrogm jet, oxygen and air were frozen to a solid 
white mass. . In 1898 Dewar succeeded in collecting hydrogen in a 
t ~,n6iHon and in keeping it in this form by the use of one of his 
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Onnes of Leyden, and Moissau, the latter investigator together with 
Dewar having succeeded in liquefying fluorine, the last of the elements 
to yield. 

A considerable amount of attention, it is true, was devoted to 
the production of liquid air by the above-mentioned investigators, 
especially by Professor Dewar, but they were primarily interested in the 
scientific investigation of the properties of the elementary gases, and 
the former has been more particularly dealt with by Linde, Hampson, 
and Tripler, who have all been experimenting especially with a vifew 
to the simplification and cheapening of the production of liquid air 
in order that it might be made on a commercial scale, and they.have 
all been working on the lines of direct regenerative action which was 
proposed by the late Sir William Siemens forty-four years ago. In this ‘ 
direction it should be stated that Professor Dewar had also been work¬ 
ing, combining cooling with a separate fluid, his experiments being, 
however, on a smaller scale suitable for a chemical laboratory. 

Thb Beqbnbeativk Method. 

As has been already mentioned, Siemens was the first to use 
the regenerative process, and in the specification of the provisional 
application already referred to he describes the employment of an 
interchanger to extract cold from the air already cooled by the refri¬ 
gerating machine, and thereby to cool the air which is on its way to 
be expanded. Siemens especially pointed out that theoretically, 
at least, no limit existed to the degree of cold which could be produced 
by the use of such an interchanger, and after giving an example of the 
temperatures that might be expected in a particular instance, he says: 
‘'These temperatures are mentioned, not as absolute temperatures, 
but to show that the principle of the invention is adapted to produce 
ah accumulated etfqct or an indefinite reduction of temperature.” 

Siemens’ idea, observes Professor Ewing, was that the compressed air 
should pass through this interchanger, and should then be caused to do 
work in an expansion cylinder. This expansion would chill it, and dt 
would liien pass again through the interchanger, giving up its cold 
through the interchanger to the next succeeding supply of compressed 
air. The effect would be to make each fresh snjqtly, on its way to the 
expansion cylinder, a little ccflder than the l^t. The cumulative 
'iadeifiperature resulting from this would only be limited by accidental 
kases due to dcmduction (ff heat from outside and to heat developed 
friction within the machine. 
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la 1885 Solway took out a patent for an apparatus and process . 
for producing, applying, an<l keeping up extreme temperatures by 
means of a regenerative method somewhat akin to that of Siemens, 
only that he employed a regenerator instead of an interchanger. With 
this apparatus Solway succeeded in reaching a temperature of about 
- 95° Cent., at which he found the losses of cold balanced the gains. 

In 1892 Windhausen obtained a patent for an apparatus for the 
production of extreme degrees of cold with an interchanger sub¬ 
stantially .similar to that of Siemens, but employed in combination 
with an expansion cylinder. With this he obtained about the same 
degree of temperature as Solway, and this apparatus is said to be 
now in use on a commercial scale for such processes as the extraction 
,of benzol from the mixed gases which are given off by the distillation 
of coal. 

The particular workers in this field, howc ’or, who have aimed at 
the simplification and cheapening of the production of liquid air, so 
that it might be made commercially useful, are, to take them in the 
order of their applications for patents, Tripler, Hampson, and Linde. 
Tripler’s Englisii patents were filed in 1891, Dr William Hampson’s on 
ihe 23rd May 1895, and Dr Linde's three weeks later in the same 
year. A good deal of discussion has taken place as to which of these 
three should have assigned to them the real credit of having first pro¬ 
duced a practical machine. It is averred by some that the apparatus 
de.scribed by Tripler was impracticable, and by others that Hampson’s 
provisional specification was very brief, and so vague as to indicate 
but little. It certainly appears that the first to produce a practical 
working apparatus wa.s Dr Linde, although he was the last to proceed 
to the Patent Office for protection; it is on iccord that his apparatus, 
ill a practical and workable form, was produced in the summer of 1898. 
Mr Tripler has been refused a patent by the D.S. Patent Office. 

The principle of the regenerative method of producing very low 
temperatures is, says Mr A. L. Rice, in a paper read before the 
American Society of Mechanical Engineers, December 1899, a perfect 
gas expanding to do wprk loses heat; if this cooled gas be exhausted, 
so as to jacket the pipe through which the incoming gas enters, it will 
cool that incoming gas; the process is cumulative without limit, if 
the machinery is Jrictionless and insulated against heat from the 
surrounding objects. Solway built a machine on this principle, but 
was unable to get lower than -139° Fahr. (-95° Cent.), on account 
of the heat due to the friction of the pistons and to conduction. 

^n a perfect gas no lowering of the temperature would result from 
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•low ering of the pressure by free expansion, but none of the soiled 
oases are perfect, and all are cooled somewhat by expansion fhrough an 
orifice. Joule and Kelvin found that with air the fall of temperature is 
about -45“ Fahr. (i“ Cent.), for each atmosphere difference of pressure 
at the orifice at ordinary temperatures, and that the effect increases 
as the temperature falls, because the gases are coming more near y 
to the vaporous state. If, then, air be compressed to a high pressure, 
and be allowed to expand through a small orifice, it will become 
considerably cooled, and may be used to cool the incoming air, whiph. 



in turn, wiu lose heat by expansion. The process may be carried on 
until some of the air, on or before leaving the orifice, is liquefied.. 

Mr Triplet’s apparatus k shown in -Fig. 411, and, as described bj 
Mr Bice, “consists of a three-stage compressor, drawing am direotij 
from the atmosphere, and driven by a steam engine. The air is takra 
first into the low-pressure cylinder, where -it is compressed to 66 1^ 
square inch. It is then sent through an intercooler to reduce th« 
tramperature to that of the atmosphere, and taken into the intermediate 
pressure cylinder; .from that, at a pressure of 400 lbs., it is takm 
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through a second intercooler to the high-pressure cylinder, "where it w 
forced up to 2,000 to 2,600 lbs., and thence sent to the after-cooler 
to be reduced again to the temperature of the atmosphere. The air 
is passed through a separator to take out all moisture, and then passes 
to storage tubes in which compressed air, not in' the liquid form, 
may be kept. The liquefter is Mr Tripler’s special invention. This 
takes the air from the separator, and by expansion through a coil 
of pipe and a small orifice, cools it to a low temperature. It passes 
upk around the coil of pipe, cooling the air inside, and thus gives the 
regenerative action. The expansion valve is placed at a little distance 
above the bottom of the coil, so that some liquid air collects in the 
bottom of the latter, and thus serves to further cool the air as it comes 
,to the expansion cock. The air which is to be drawn off collects in 
the liquefier just below the expansion valve, and may be drawn off at 
will. The expanded air escapes to the atmosphere after having been 
used to cool the coil of the liquefier. The capacity of the present 
plant is 2 or 4 gals, per hour, and the ice will begin to liquefy in 
fifteen minutes after the starting up. No data are available as to the 
power used in the compression.” 

The provisional specification of Dr William Hampson’s 1896 patent 
was, {IS above mentioned, extremely brief, and the following is the 
text in extenso :— 

“The usual cycle of compressing, cooling and expansion, is modified 
by using all the gas after its expansion, to reduce as nearly as possible 
to its own temperature the compressed gas which is on its way to be 
expanded. With this object all the expanded gas surrounds the pipe 
or pipes of compressed gas through all their length from the point of 
expansion to the point of normal temperature, and the length of pipe 
is sufljjcient to allow of the fullest possible interchange of temperatures 
between tjre compressed and expanded gas." 

. In a subsequent patent the improved apparatus shown in vertical 
and horizontal sections in Figs. 412 and 413 is described. In this 
apparatus the interdwnger is made with a tube or tubes coiled into 
^tifals, the convolutions of which are separated by very narrow spaces, 
and with the coils.lying one upon the other. The space between tire 
tubes does not exceed in. The gas after compression is purified 
by caustic potash or the like. The vacuum vessel 7 is supported by a 
cap 2 inside concentric glass tubes mounted between rings 3 and 5 held 
by a frame 4. Insulating or tight joints may be made at 5, 6, 7, 8, 
(Mid porbonic acid or the like is passed on to the coils in the nei^- 
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bourhood of the expansion joint, and thence over their other'parts 
before lieginning expansion of compressed gas, and the arrangement 



shown in Fig. 413 is used 
for supplying, the cold 
carbonic acid free from 
.solid particles. In this, 
the gas expands from the 
valve 7, which is kept at 
a proper temperature »by 
a stream of warmer gas 
from the valve 2, and 
then any solid material 


is removed by filteringi-" 



material 4 from the 
vapour which is led away 
by the pipe, &c., 7. 

Fig. 414 represents 
the 1898 type of the 
Linde apparatus, as de¬ 
picted in Mr Hice’s 
paper, and which ap¬ 
paratus only differs in a 
few minor details from 



that made in 1893. It 
has been already stated 
that the fall of tempera¬ 
ture is proportional to 
the diiference of pres¬ 
sures at the orifice, and 
this* difference sliould, 
therefore, be large; the 
work required to com¬ 
press the air again will 
depend upon the .ratio 
of the pressures, that is 


Figs. 412 and 413.— Hampson’s Apparatus for U>e to say, upon the ritio 

Production of Very Low Temperatures by the of compression, and 

Regenerative Method. VertioalandHorirontal' should be as small as 
Sections. possible. This necessi¬ 


tates that both pressures he high for the most economical working,'' 
and, therefore, Linde works his machine between 200 atmospheres and. 

•b 
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16 atmospheres for all the air by expanding through the valve marked 
a. One-fifth is then expanded to 1 atmosphere through the valve b 
so as to cool it still further, and about one-fourth of this amount 
is condensed. The expanded air is sent back in the outer pipes as 
shown, the part which is at 16 atmospheres to the compression pump, 
and the rest to the atmosphere. / is a separator and g a freezing 



Fig. 414.—Linde’s Apparatus for the Production of Very Low Temperatures by 
the Regenerative Process. Sectional Elevation. 

bath, both being used to remove the moisture from the air. d is the 
compression pump, and e a pump for supplying at 16 atmospheres as 
much air as escajjes at h. e is the receptacle for the liquid air. In 
the earlier ■ form of the machine none of the air was expanded 
below 60 atmospheres, and the air was cooled by a surface condenser 
supplied with water. 'With this apparatus about "9 quart of liquid 
can be obtained per hour with the use of 3 H.P., this being about 
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5 per. cent, of the air handled, the first liquid will appear about two 
hours. afteS- starting up the machine. 

The iollowing extended extract from Mr Eioe’s paper regarding the 
properties of liquid air will be of interest:— 

“ The physical constants which have been determined with regard 
to the liquefied gases are given in the foregoing table, which was pre¬ 
pared by Mr Walter Dickerson. It will be noted that the order of the 
liquefaction of the gases historically is almost exactly that of the de- 
Bcbnding critical temperatures. It is the attaining of alow temperature 
limit that has taken all the time and study that has been devoted to 
this matter. Some of the gases when in the liquid form are lighter, 
and some heavier than water, as shown by the values of specific 
’gravity; of the constituents of air, nitrogen is lighter and oxygen is 
heavier; the mixture, containing four-fifths nitrogen and one-fifth 
oxygen, is a little lighter than water.' 

“ Professor .Jacobus and Mr Dickerson have found the latent heat 
of air at atmospheric pressure to be about 140 British thermal units, 
but this figure is stated as only a rough approximation. This is about 
the only value which has been determined with regard to air in the 
intermediate or vaporous state. 

‘^Any calculations as to the efficiency of (liquid air as a fluid for a 
prime mover must necessarily be only approximate. The approximar 
tions can, however, be made on the right side, and the air given the 
benefit of the doubt. 

“Professor Henry Morton has recently made some calculations 
regarding the maximum amount of power which could bo obtained by 
the expansion of 1 lb. of liquid air under certain circumstances. The 
same hypothesis which he used will be assumed and his figures adopted. 

“^Suppose 1 lb. of liquid air to be confined in a cylinder and heated 
to 70° Pahr., then let it expand at 70” to atmospheric pressure, 
the expansion .to be byperbolic. It is not known what the volume ci 
the ail' will be at 70* before expanding, but it is certain that its ratio of 
expansion will be less than it would be if expanding from the volume 
of the liquid at -312°'to the volume of the gas at 70° and atmospheric 
pr^ure. This ratio is something less than 800, hence we will call the 
raiio of expansion* 800. The volume of 1 lb. of air at 70° Fahr, 
and atmospheric pressure is 13‘36 cub. ft. 

“ The work done in a hyperbolic expansion is 

W=.p2^«jxlogeR. 
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final pressure per square foot = 2,117 Ibe. • 
final pressure volume = 13’36 cub. ft.* 

?? = ratio of expansion. 

2,117 X 13’36 X 6-685 = 188,000 ft.-lbs. 
horse-power per pound of air used per hour, 

10-55 lbs. of air per horse-power per hour, 

if the terminal pressure equals the Wk pressure, no compression and 
no clearance being considered. 

“This result cannot, of course, be realised, for there are many 
sources of loss which cannot be avoided, and which will make this figure 
for the weight of air per horse-power hour much higher. However, 
even if it could be realised in actual practice, it is only just inside of 
the figure which has been obtained in our boat steam engines under 
practical working conditions. 

“ In these figures the liquid is considered simply as a storage medium 
for energy, and no account is taken of the amount of heat necessary to 
develop or store the energy. 

“ In order to get a comparative idea as to the relative values of liquid 
air and water for power storage, two similar cycles for water will be 
calculated, and comparative figures obtained. 

“The range of temperature in the cycle taken for air is from -312' 
to 70°, or 382°. 

“ Starting with water and heating it to 504° under 700 lbs. pressure 
absolute, and expanding it to 2 lbs. pressure abmlute and 126° Fahr., 
gives a range of temperature slightly less, viz., 378°. The ratio of 
expansion will be 254. This final volume of 1 lb. is 172 cub. ft.^ and 
considering the expansion to be hyperbolic, we have— 

288 X 173 X 6-59 = 280,000 ft.-lbs. 

-1415 H.P. per pound of water used per hour, 

7 -08 lbs. of water per horse-power per hour. 

“ By heating the water to 546° undei: 1,000 Ihs. pressure and 
expanding to atmospheric pressure the range of temperature would be 
still less, or about 334°. 

" The final volume would be 26-3 cub. ft. 


280,000 


and 


60 X 33,000 
1 

-1415" 


When Pj = 
”2 = 
R = 

_W = 
095 = 
1 

095 


188,000 
60 X 33,000 
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Ratio of expansion 5D. 

'48 

W = 21-7 X 26-3 X 4-04 = 225,000 ft.-lbs. 
225,000 


60 X 33,000 
I 

•1139 


= -1139 H.P. per pound of water used per hour. 
= 8-8 lbs. water per horse-power per hour. 


“From these figures it will be seen that under the conditions assumed 
water will give ofi' from 20 per cent, to 50 per cent, more energy than 
liquid air, during expansion through equal temperature ranges. The 
possibility of the use of liquid air in a prime mover comes from the 
fact that the upper temperature limit for the range assumed is so low as 
compared with that for the steiim. The upper limit for the air is at 
70° Fahr. or 531” absolute, and the possible thermal efficiency is 
= -72; for the water the upper limit is 504° Fahr., or 965° Fahr., and 
the possible efficiency is i,'ff-f = -39. If the efficiency of the liquid is 
in any way comparable with that which can be gotten from steam in 
the steam engine, the efficiency of the air engine should be good. The 
coat of production of a pound of air would be much greater than that 
of a pound of steam, so that to be a commercial factor, the efficiency 
of the air engine would have to be much greater than that of the steam 
engine. Whether this can be accomplished the future alone must 
decide. 

i^As to other uses, refrigeration, medical cautery, prevention of , 
chemical action, explosive compounds, reduction of resistance of con¬ 
ductors for electricity, and use for prevention of the ill-effects of 
ansesthetics have been suggested, and others will doubtless develop 
as experiments are tried. It is only within a few months that the 
liquid could be obtained at a cost that allowed of trial of its properties 
for any except ■scientific purposes where no possible financial return 
was to tie expected, and cost was a secondary consideration. With a 
largo supply available, rapid development may be looked for, and new 
uses will be constantly discovered.” 



